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differentiated  function  and  viral  permissiveness,  and  examine  the  interaction  of  infected  myeloid  and 
lymphoid  colis  as  they  affect  immune  function  and  regulation  of  bone  marrow  growth.  These  studies 
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III.  INTRODUCTION 

A.  Interaction  of  HIV-1  and  Bone  Marrow.  The  severity  of  immunohematologic  impairment  of 
HIV-infected  individuals  spans  a  broad  range,  culminating  in  a  clinical  syndrome  characterized  by 
hematologic  abnormalities  and  the  profound  impairment  of  immune  function.  Although 
immunosuppression  can  be  explained  in  part  by  the  selective  depletion  of  permissive  CD4  positive 
helper/inducer  T  lymphocytes,  the  mechanisms  by  which  the  virus  interferes  wi^  the  generation  of  other 
marrow  derived  lineages  are  not  known.  In  addition  to  lymphopenia,  AIDS  and  AIDS-related  complex 
(ARC)  patients  often  suffer  from  a  variety  of  peripheral  blood  abnormalities  including  granulocytopenia, 
thrombocytopenia  (Spivak  et  al.,  1 984,  Treacy  et  al.,  1 986),  and  anemia  (Castella  et  al.,  1 985).  Despite 
this  finding,  bone  marrow  from  these  subjects  ranges  from  normocellular  to  hypercellular,  with  distinct 
abnormalities  in  the  maturation  of  all  lineages  similar  to  those  seen  in  myelodysplastic  syndrome 
(Schneider  and  Picker,  1985).  Similarly,  there  is  no  apparent  deficit  in  multipotential  hematopoietic 
progenitor  cells  as  reflected  in  normal  numbers  of  bone  marrow  cells  giving  rise  to  erythroid  and 
granulocyte-macrophage  colonies  in  vitro  (Donahue  et  al.,  1987).  Thus  it  appears  probable  that  HIV- 
mediated  myelosuppression  occurs  by  interruption  of  maturation,  either  by  direct  noncytolytic  infection 
hematopoietic  cells,  or  by  interfering  with  ancillary  ceil  populations  that  regulate  their  growth.  Studies 
of  in  vitro  hematopoietic  colony  growth  implicate  T  lymphocytes  in  the  regulation  of  neutrophil, 
macrophage,  eosinophil  (Chickkuppa  and  Phillips,  1984),  and  erythroid  (Sharkis  et  al.,  1978)  lineages. 
Thus  it  is  conceivable  that  marrow  dysplasia  occurs,  at  least  in  part,  secondary  to  the  loss  or  alteration 
of  lymphocyte  mediated  regulation.  However,  HIV  may  be  capable  of  infecting  myeloid  precursors  in 
vivo  (Bush  et  al.,  1 986)  as  well  as  in  vitro  (Donahue  et  al.,  1 987),  leaving  open  the  possibility  that  while 
not  directly  cytocidal  to  marrow  progenitors,  HIV  may  alter  the  maturationai  pathway  of  infected 
progenitors  or  affect  their  ability  to  receive  and/or  respond  to  regulatory  signals. 

Of  equal  importance  in  terms  of  viral  pathogenesis,  immature  myeloid  cells  may  serve  as  a 
reservoir  for  replicating  or  latent  virus.  Myeloid  derived  cell  lines  such  as  U937,  normally  highly 
permissive  for  virus  growth,  may  be  rendered  nonpermissive  by  culture  in  the  presence  of  granulocyte- 
monocyte  colony  stimulating  factor  (GM-CSR  (Hammer  et  al.,  1986). 

Understanding  the  interactions  between  HiV  and  hematopoietic  ceils  is  also  of  potential 
importance  to  the  rational  development  of  therapeutic  strategies  for  the  treatment  of  AIDS  and  AIDS 
related  malignancies.  Bone  marrow  transplantation  (BMT)  has  been  proposed  as  a  possible  treatment 
for  AIDS  because  it  presents  the  opportunity  to  reconstitute  the  immune  system  with  cells  derived  from 
a  healthy  donor.  The  infectious  nature  of  AIDS,  however,  has  justifiably  given  rise  to  the  concern  that 
the  newly  developing  immune  cells  would  become  infected  and  suffer  the  same  fate  as  the  recipients 
own  cells.  This  in  fact  appears  to  be  the  case  in  a  limited  number  of  marrow  transfusions  performed 
without  the  benefit  of  a  marrow  ablative  preparative  regimen  (Lane  and  Fauci,  1 985).  This  problem  has 
prevented  the  initiation  of  full  scale  clinical  trials  of  BMT  for  the  treatment  of  AIDS.  However,  the 
development  of  antiviral  agents  such  as  the  analog  3'-Azido-3'-deoxythymidine  (AZT,  BW  A509U, 
Burroughs  Wellcome),  raises  new  possibilities  for  BMT.  It  is  therefore  important  to  determine  how  anti¬ 
retroviral  agents,  which  themselves  may  be  myeiosuppressive,  affect  the  balance  of  lymphocyte- 
marrow-HIV  interactions. 

That  the  failure  of  previous  transplant  attempts  may  be  related  to  the  quantitative  extent  of  virus 
“burden”  at  the  time  of  transplant  is  suggested  by  our  study  of  BMT  recipients  who  were  inadvertently 
infected  with  transfusion  borne  HIV  shortly  after  receiving  allogeneic  marrow  transplants  (Duff  et  al., 
1985).  In  two  well  documented  cases,  HIV  infection  at  a  time  when  the  patients  were  severely 
immunocompromised  resulted  in  no  detectable  alteration  of  the  pace  or  extent  of  reconstitution.  Both 
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patients  are  alive  almost  9  years  later.  One  is  well  and  active,  with  persistent  antibody  titers  and 
lymphadenopathy.  The  second  develped  clinical  AIDS  more  than  7  years  after  transplant.  Although  the 
eventual  outcome  of  infection  may  be  no  different  in  these  patients  than  in  individuals  infected  in  health, 
these  results  give  us  reason  to  hope  that  under  the  coverage  of  appropriate  antiviral  agents,  and  with 
an  appropriate  marrow  ablative  regimen,  a  durable  improvement  of  immunity  could  be  effected  in  AIDS 
patients.  We  have  now  transplantied  6  HIV  seropositive  patients,  3  of  whom  had  hematologic 
malignancy  in  the  absence  of  opportunistic  infection  (see  Holland  et  al.,  1 989,  Appendix).  Our  results 
indicate  not  only  significant  immune  reconstitution,  but  of  reduction  of  virus  load  to  as  well. 

B.  Evaluation  of  immunologic  changes  related  to  progression  of  HIV  infection.  Many  immune 
functions  decline  as  HIV  infection  progresses  (Margolick  and  Fauci,  1 987),  and  the  culmination  of  this 
general  decline  is  the  onset  of  opportunistic  infections  and  neoplasms.  Key  questions  that  remain 
unanswered  are  at  what  point  does  this  decline  become  important  for  the  health  of  the  infected  person, 
and  which  functions  are  critical  to  this  adverse  health  effect?  Answers  to  these  questions  are  necessary 
for  identifying  individuals  at  high  risk  for  progression  of  HIV  infection  and  for  developing  effective 
therapies  for  HIV  infection. 

We  have  approachied  these  issues  in  several  ways.  We  hypothesize  that  a  more  detailed 
understanding  of  the  pathogenesis  of  immune  compromise  will  help  us  determine  which  HIV-infected 
individuals  have  stable  infections  and  which  will  progress.  We  are  have  employed  limiting  dilution 
analysis  (LDA)  because,  as  detailed  below,  LDA  can  be  used  to  measure  the  frequency  of  cells  belonging 
to  functionally  defined  lymphocyte  subsets,  and  yields  quantitative  information  at  the  level  of  the  single 
precursor. 

Of  particular  interest  is  the  ability  of  T  lymphocytes  to  respond  to  IL-2,  a  lymphokine  which  is 
critical  for  proliferation  of  T  cells;  we  and  others  have  hypothesized  that  defects  in  the  ability  of  T 
lymphocytes  to  proliferate  in  response  to  IL-2  might  contribute  to  the  loss  of  cell  mediated  immunity  that 
is  the  hallmark  of  AIDS.  Therefore,  we  have  conducted  studies  of  this  basic  T  cell  function  in  patients 
at  different  stages  of  HIV  infection.  The  results  of  these  studies  formed  the  basis  for  our  biochemical 
studies  to  elucidate  the  molecular  mechanisms  responsible  for  decreased  IL-2  responsiveness  of  cells 
from  patients  with  advanced  HIV  infection. 

Another  approach  which  we  have  used  to  distinguish  individuals  with  different  responses  to  HIV 
infection  is  to  analyze  the  immune  response  to  the  infection  itself.  Changes  in  T  lymphocyte  subsets 
in  the  peripheral  circulation  after  infection  with  HIV  are  well  documented  and  include  a  decrease  m  CD4 ' 
T  cells  and  an  increase  in  CD8'^  T  cells.  We  have  focused  attention  on  other,  less  well  studied 
lymphocyte  populations.  We  demonstrated  that  when  CD3^,  CDA",  and  CD8^  lymphocytes  are 
determined  independently  (one-parameter  analyses),  an  increase  in  the  difference  between  the  number 
of  CD3'^  lymphocytes  and  the  sum  of  CD4^  and  CD8*  lymphocytes  [i.e.,  CD3  -  (CD4  -i-  CD8)I  occurs 
at  the  time  of  seroconversion  and  continues  afterward  (Margolick  et  al,  1 989).  This  increase  is  present 
in  both  absolute  and  relative  terms  and  cannot  be  accounted  for  by  changes  in  the  CD4^  and  CD8' 
populations  of  T  ceils.  It  is  not  known  whether  this  response  to  HIV  infection,  or  its  underlying  cause, 
has  prognostic  significance,  but  our  findings  to  data  warrant  further  prospective  study. 

Finally,  in  view  of  the  critical  nature  of  loss  of  antigen-induced  immune  responses  m  the 
pathogenesis  of  AIDS  (Lane  et  al,  1985),  we  studied  the  expression  of  Class  II  histocompatibAtv 
molecules  expressed  on  antigen-presenting  cells  (monocytes)  from  HIV-infected  individuals.  These 
molecules  (HLA-DR)  are  essential  for  normal  presentation  of  antigen  to  T  helper  lymphocytes  m  the 
initiation  of  antigen-specific  immune  responses.  Early  reports  indicated  that  expression  of  these 
molecules  by  antigen-presenting  cells  might  be  diminished  in  patients  with  AIDS,  suggesting  a  possible 
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mechanism  for  impaired  cellular  immunity  in  AIDS  (Belisto  et  al,  1 984;  Heagy  et  al,  1 984).  However, 
our  current  findings,  as  well  as  those  of  others  (Sei  et  al,  1986)  have  not  confirmed  the  early  reports. 

IV.  BODY 

A.  Methods 

1 .  Patient  oooutatidns 

a.  SHARE  patients.  SHARE  participants  are  gay /bisexual  men  from  the  Baltimore- 
Washington  area  who  had  not  been  diagnosed  as  having  AIDS  prior  to  entry  into  the  study  (April  - 
November,  1 984).  At  each  semi-annual  visit  participants  undergo  interview,  physical  examination,  and 
laboratory  testing.  Tests  include  HIV-1  serology  (ELISA  and  immunoblot  for  confirmation),  complete 
blood  count,  screening  for  gonorrhea  and  syphilis,  and  T-cell  subset  analysis  (CD3,  CD4  and  CDS). 
Several  aliquots  of  plasma,  serum,  lymphocytes,  semen,  urine,  and  mouthwash  are  obtained  for  frozen 
storage  at  each  semi-annual  visit.  We  also  have  data  on  serum  immunoglobulins,  cytomegalovirus 
serology,  hepatitis-B  serology,  and  routine  serum  chemistries  from  the  first  two  visits.  Volunteers  have 
been  sought  from  the  SHARE  cohort  for  the  proposed  additional  prospective  studies. 

As  of  February,  1 989,  SHARE  has  completed  10  full  cycles  of  follow-up  visits.  Follow-up  rates 
have  been  notably  high.  More  than  eighty-five  percent  of  the  initial  cohort  are  still  being  followed.  There 
have  been  113  cases  of  AIDS  diagnosed  thus  far  in  SHARE;  80  participants  who  were  seronegative  at 
baseline  have  serocon verted. 

b.  Moore  Clinic  Outpatients.  Patients,  staged  according  to  the  COC  criteria,  were 
seen  at  the  Moore  Clinic  of  the  Johns  Hopkins  Hospital.  Peripheral  blood  was  drawn  during  routine 
office  visits.  Control  subjects  were  Johns  Hopkins  students  and  employees  who  denied  belonging  to 
HIV  risk  groups.  Informed  consent  was  obtained  according  to  a  protocol  approved  by  the  Johns  Hopkins 
Joint  Committee  for  Clinical  Investigation. 

c.  ALIVE  study  patients.  AIDS  Link  to  Intravenous  Experiences  (ALIVE)  is  a 
prospective  cohort  study  of  800  intravenous  drug  users  (IVDUs)  which  was  initiated  at  Johns  Hopkins 
University  in  February,  1 988.  The  goal  of  the  study  is  to  determine  the  natural  history  of  HIV  infection 
in  this  high  risk  population.  The  study  was  designed  to  enroll  640  HIV  >-  seropositive  IVDUs  as  well  as 
160  seronegative  IVDUs  to  serve  as  controls  and  to  prevent  stigmatization  of  study  participants. 
Participants  are  seen  in  clinic  at  6  month  intervals  for  physical  and  laboratory  examination,  including 
measurement  of  T  cell  subsets,  as  described  above  for  SHARE. 

d.  Bone  Marrow  Transplant  Recipients.  Six  HIV  positive  patients  undergoing 
bone  marrow  transplantation  (3  syngeneic,  3  allogeneic)  were  treated  at  the  Johns  Hopkins  Oncology 
Center.  All  patients  met  study  inclusion  criteria  approved  by  the  Johns  Hopkins  Joint  Committee  on 
Clinical  Investigation.  Recipients  of  syngeneic  marrow  had  HIV  seronegative  identical  twin  donors. 
Recipients  of  allogeneic  marrow  had  HIV  associated  nonHodgkin's  lymphoma  and  received  grafts  from 
HIV  negative  MHC  identical  sibling  donors. 

2.  VkuM  strains.  Low  passage  monocytotropic  strains  SF1 62  and  KW  were  obtained 
from,  J.  Levy  and  H.  Farzadegan,  respectively.  Strains  CD  and  TD  were  clinical  isolates  obtained  from 
H.  Farzadegan.  HTLV-lllb  was  originally  obtained  from  the  laboratory  of  R.  Gallo. 
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3.  Antigens  and  Mhoaens.  Tetanus  toxoid,  preservative  free  refined  concentrate,  the 
generous  gift  of  Wyeth  Laboratories  (Marietta,  PA.),  was  used  at  a  concentration  of  1  to  5  ug/ml.  CMV 
antigen  (MA  Bioproducts,  Walkersville,  MO)  was  used  at  a  1/1000  dilution  of  stocic.  PHA,  CONA  and 
PWM  (Sigma  Chemicals)  were  used  at  2,  5,  and  5  ug/ml,  respectively. 

4.  L ymohoorotiferetive  Responses.  Peripheral  blood  mononuclear  cells  (PBML)  from  HIV- 
1  positive  subjects  or  healthy  volunteers  were  resuspended  to  7.5  x  lOVml  in  complete  medium  (CM) 
consisting  of  RPMI  1640,  10%  heat  inactivated  human  AB  serum,  2  mM  L-glutamine,  10  mM  hlEPES 
buffer,  50  ug/ml  gentamicin,  100  U/ml  penicillin,  and  5  x  10**  M  2-mercaptoethanol.  The  cells  were 
aliquoted  (200  ul/well)  in  U-bottom  microtiter  plates  (Plow Laboratories,  Cat.  No.  76-01 3-05).  Antigens 
were  added  at  1 0x  final  concentration  (see  Antigens,  above)  in  triplicate  and  the  plates  incubated  at 
37*0,  5%  CO3.  Cells  were  cultured  with  and  without  the  addition  of  exogenous  Interleukin-2  (IL-2,  4 
units/ml)  on  day  3.  Serum-free  supernatant,  obtained  from  MLA-144  cell  culture  was  used  as  a  source 
of  IL-2.  On  day  6,  the  cultures  were  pulsed  with  ^HTdR  (0.5  uCi/well)  and  incubated  an  additional  4  h 
before  being  harvested  onto  glass  fiber  filters  (Whatman,  GF/A)  with  a  multiple  automatic  sample 
harvester.  ^HTdR  uptake  was  measured  by  liquid  scintillation  spectrometry.  Results  were  expressed 
as  net  counts  per  minute  above  background  (NET  CPM),  where  background  counts  were  determined  by 
culturing  in  the  presence  of  diluent  alone.  Analysis  was  performed  using  the  logarithm  of  the  NET  CPM 
because  CPM  data  are  log-normally  distributed. 

5.  Teflon  culture  ofhumen  bone  merrow.  Cells  were  suspended  to  1  x  1 0*/ml  in  growth 
medium  consisting  of  alpha-MEM,  30%  PCS,  1  %  BSA  plus  antibiotics  and  cultured  in  50  ml  Teflon 
Erlenmeyer  flasks  (Nalgene),  5  ml/flask.  Cultures  were  supplemented  with  either  lymphocyte 
conditioned  medium  (10%)  or  recombinant  human  growth  factors  (riiM-CSF,  1  /4,500  dilution  of  stock 
plus  rhGM-CSP,  5  U/ml,  Genetics  Institute,  Cambridge,  MA). 

6.  Methvicellulose  culture  of  humen  bone  marrow.  Bone  marrow  was  grown  in 
methylcellulose  medium  according  to  a  modification  (Rowley  et  al.,  1 987)  by  the  method  of  Ogawa  et 
al.  (1976).  Cells  were  plated  in  alpha-MEM  medium  containing  0.8%  methylcellulose,  30%  fetal  calf 
serum,  1%  BSA,  0.1  mM  2-mercaptoethanol  and  either  10%  lymphocyte  conditioned  medium  or 
recombinant  human  growth  factors. 

7.  Lkniting  dilution  enehnis  of  bone  merrow  oroaeniUir  growth.  Progenitor  enriched  bone 
merrow  ceils  (described  above)  from  healthy  subjects  (24  h  after  infection  with  HIV-1  or  Mock  infection) 
or  from  HIV-1  positive  subjects  were  serially  diluted  in  growth  medium  (see  Teflon  cultures)  and  plated 
in  round  bottom  wells  (200  uL/well).  Dilutions  were  made  in  half-lopio  steps  ranging  from  300  to  1 
cell/well,  with  one  full  plate  (96  replicates)  for  each  cell  concentration.  Cultures  were  evaluated 
microscopically  for  colony  growth  on  a  weekly  basis  beginning  on  day  1 4.  Precursor  frequency  was 
determined  by  the  maximum  likelihood  method  as  described  above.  Medium  was  removed  (1 00  uL)  and 
cells  fed  every  2  weeks.  Medium  from  colony  positive  wells  was  stored  at  -135*C  for  p24  assay. 

8.  Preoeeation  of  e  orogenitor  enriched  bone  merrow  frection  tv  eMrietion  (positive 
selaetionl.  Mononuclear  cells  (prepared  by  Ficoll-Hypaque  gradient  centrifugation)  from  heparinized 
aspirated  bone  marrow  from  HIV*  or  normal  donors  were  elutriated  (3000  rpm,  standard  chamber,  JE6 
rotor).  100  ml  fractions  were  collected  at  flow  rates  of  17  ml/min  (load),  24  ml/min  (predominately 
lymphocytes),  and  28  ml/min  (monocyte  enriched).  Cells  retained  in  the  chamber  at  28  ml/min  were 
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flushed  by  turning  off  the  rotor  while  maintaining  medium  flow  (R/0  fraction,  progenitor  enriched).  Cells 
from  the  R/0  fraction  were  resuspended  (80-1 00x1 0'cells)  in  2  ml  Percoll  (sg  =  1.080)  and  layered 
beneath  5ml  of  1 .074  Percoll  which  in  turn  was  layered  beneath  1  ml  RPMI-1640  medium.  Gradients 
were  centrifuged  at  1 475  rpm  for  20  min.  The  blast  cell  enriched,  lymphocyte  and  monocyte  depleted 
second  band  was  collected  and  washed  2x  with  PBS. 

9.  Preparation  of  a  orooanitor  enriched  borw  marrow  frtetion  (oosHiva  sehetion). 
Positive  selection  of  CD34  *  cells  was  accomplished  by  immune  adherence.  A  60  x  1 5  mm  plastic  petri 
dish  was  flooded  with  3  ml  goat  anti-mouse  IgG  (10  ug/ml)  in  0.05  M  Tris  buffer  (pH  9.5).  After  2  h  at 
room  temperature  the  dish  was  washed  4  x  with  PBS-A,  0.2%  BSA.  Bone  marrow  mononuclear  cells 
(12x10*  prepared  by  Ficoll/Hypaque  gradient  separation)  were  incubated  for  30  min  on  ice  with  anti- 
MY-10  antibody  (20  uL/1  xIO*  cells),  and  washed  twice  with  cold  PBS-A,  0.2%  BSA  were  centrifuged 
onto  the  prepared  petri  dish  (200  RPM  for  2  min).  The  petri  dish  was  then  incubated  for  30  min  at  4*C 
and  subjected  to  2  cycles  of  gentle  rinsing  (PBS-A,  0.2%  BSA)  to  obtain  nonadherent  cells,  followed  by 
2  cycles  of  vigorous  rinsing  to  obtain  adherent  (positively  selected)  cells.  Phenotype  was 
confirmedB.rmed  by  flow  cytometry  after  overnight  incubation  in  growth  medium. 

1 .  o24  aniiaan  caoturo  assay.  HIV-1  antigen  (p24)  was  detected  in  culture  supernatants 
using  an  enzyme-linked  immunosorbent  (ELISA)  antigen  capture  assay.  The  capture  reagent,  a  high  titer 
human  serum,  diluted  1/100,000  (in  carbonate  buffer  pH  9.6)  was  adsorbed  to  microtiter  plates  (75 
ul/well)  (FLOW  Laboratories,  McLean,  VA,  Cat.  no.  76-381-04)  overnight  at  4*0.  The  plates  were 
washed  2  times  in  PBS-TWEEN  (0.05%)  using  a  Skatron  Micro  II  plate  washer.  PBS-A  containing  3% 
bovine  serum  albumin  (BSA)  was  added  to  each  we'!  (1(X)  uL/well)  and  incubated  1  h  at  37*C.  The 
plates  were  washed  as  before.  Test  supernatants  and  a  positive  control  standard  (human  recombinant 
p24,  Ou  Pont  Laboratories)  were  serially  diluted  in  the  plates  (75  ul/well,  8  two-fold  steps)  in  PBS-A,  1  % 
BSA,  0.5%  NP-40.  The  starting  antigen  concentration  was  5000  pg  for  the  p24  standard  and  1/2  for 
the  test  supernatants.  The  plates  were  incubated  overnight  at  room  temperature  and  washed  as  before. 
Rabbit  anti-HIV-1  p?4  .vas  added  (1/3000, 100  uL/well,  MicroGeneSys)  and  the  plates  were  incubated 
4  h  at  37‘’C.  After  2  washes,  goat  anti-rabbit  IgG  alkaline  phosphatase  conjugate  (SIGMA),  diluted  1  /300 
in  PBS-NP40  (0.5%)  (1  %  BSA),  was  added  (100  ul/well)  and  incubated  2  h  at  37*C.  The  plates  were 
washed  and  p-nitrophenylphosphate  substrate  (SIGMA)  at  1  mg/ml  in  diethanolamine  buffer  (pH  9.8) 
was  added  ( 1 00  ul/well)  and  incubated  30  minutes  in  the  dark  at  room  temperature.  50  ul  of  3M  sodium 
hydroxide  was  added  to  each  well  and  the  plates  read  at  405  nm  on  a  Titertek  Multiskan  Plate  Reader. 
Antigen  concentration  was  determined  relative  to  the  recombinant  HIV-I  p24  standard.  The  assay  was 
directly  compared  to  the  licensed  test  provided  by  Abbott  Laboratories  and  had  similar  sensitivity 
(approximately  50  pg/ml). 

2.  Asaoasmont  of  antioon  onsantathtn  in  BM  dorivad  monoevtOM.  Development  of 
immunocompetent  antigen  presenting  cells  from  monocyte  depleted  bone  marrow  was  evaluated  after 
7  and  1 4  days  culture  in  the  presence  of  recombinant  human  colony  stimulating  factors  as  described 
above  (5.  Teflon  culture).  Cultured  cells  (20,000  cells/well)  were  allowed  to  adhere  to  flat  bottom 
microtiter  plates  for  2  h  at  37*C  after  which  nonadherent  cells  were  washed  away  with  PBS-A.  The 
remaining  adherent  cells  were  pulsed  with  antigen  (2  ug/ml  tetanus  toxoid)  and  incubated  for  2  h  at 
37”C.  The  cells  were  then  washed  to  remove  excess  antigen,  irradiated  at  1 500  rad  and  cocultured  with 
1x10*  monocyte  depleted  autologous  lymphocytes.  The  ability  of  these  antigen-pulsed  adherent  cells 
to  trigger  proliferation  of  T  cells  was  then  determined  by  *H  thymidine  uptake  as  described  above. 
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3.  Two  cohf  flow  cvtomatrv.  Cell  surface  phenotype  of  bone  marrow  mononuclear  cells 
was  determined  by  2  color  immunofluorescence  modified  from  the  protocol  of  Loken  et  al.  (1987)  using 
a  Becton-Dickinson  FACSCAN  analyzer.  Briefly,  indirect  staining  was  first  performed  using  fluorescein 
isothiocyanate  labeled  anti-mouse  Ig  (affinity  purified,  Fiab'ij  raised  in  sheep.  Sigma  Chemicals). 
Staining  with  a  second,  phycoerythrin  conjugated,  monoclonal  antibody  was  performed  after  washing 
the  cells  in  filter  sterilized  medium  containing  PBS-A,  1  %  normal  mouse  serum,  4%  newborn  calf  serum, 
2%  normal  goat  serum  and  2%  human  AB  serum.  Monoclonal  antibodies  were  obtained  from  Ortho 
Pharmaceuticals  (Raritan  NJ),  Becton-Oickinson  Corporation  (Mountainview,  CA,)  and  Coulter 
Immunology  (Hialeah,  FL).  Specimens  from  SHARE  or  ALIVE  were  stained  with  directly  conjugated 
antibodies  as  listed  under  Results  using  previously  described  methods  (Margolick  et  al,  1 989).  Briefly, 
antibodies  were  added  to  1 00  ul  whole  blood  for  30  min,  the  red  cells  were  lysed  with  a  hypotonic 
ammonium  chloride  solution,  and  the  cells  were  washed,  fixed  in  1  %  paraformaldehyde,  and  analyzed 
on  a  Coulter  EPICS  C  flow  cytometer. 

4.  Fhw  cvtomotric  onahnis  of  surfaeo  expression  of  IL2R  a  and  B  chains:  Peripheral 
blood  lymphocytes  expressing  CD3,  CD4,  and  CDS  were  measured  in  whole  blood  using  an  ammonium- 
sulfate  based  lysing  technique  to  remove  erythrocytes  and  a  staining  technique  that  has  been  described 
(Giorgi  et  al,  1 990;  Hoffman  et  al,  1 980)  and  also  in  previous  reports.  Two-color  flow  cytometry  was 
used,  with  two  combinations  of  antibodies  directly  labelled  with  FITC  or  phycoerythrin  (PE)  as  follows: 
CD3-FITC/lgG,-PE  and  CD8-FITC/CD4-PE. 

For  analysis  of  IL2R  a  and  0  subunits  on  cultured  lymphocytes,  1 0*  cells  were  washed  three 
times  in  PBS  containing  0.1  %  BSA  and  0.01  %  azide  (wash  buffer),  resuspended  in  0.1  ml  cold  wash 
fer,  and  stained  with  either  FITC-labelled  anti-iL2Ro  or  a  1:1000  dilution  of  anti-iL2R  p  antibody 
(TU27,  graciously  provided  by  Dr.  S.  Taki,  Ajinomoto  Co.  Inc.,  Central  Research  Laboratories,  Kawasaki, 
Japan,  (Ohasi  et  al,  1 989)  followed  by  FITC  labelled  goat  anti  mouse  IgG  antibody,  with  normal  mouse 
IgG  as  a  control.  All  other  antibodies  were  purchased  from  Becton-Dickinson  (Mountain  View,  CA),  and 
all  incubations  with  antibodies  were  performed  on  ice  for  30  min  and  followed  by  three  washes  in  wash 
buffer.  Stained  cells  were  fixed  in  wash  buffer  containing  0.5%  formaldehyde  (Polysciences, 
Warrington,  PA)  and  stored  in  the  dark  at  4°  C  until  analysis  on  an  EPICS  C  or  Profile  II  flow  cytometer 
(Coulter  Electronics,  Hialeah,  FL)  with  selection  of  lymphocytes  by  gating  using  forward  and  side  light 
scatter. 


5.  CoH  cutturo:  PBMC  were  isolated  from  heparinized  blood  of  HIV'  and  HIV^ 
homosexual  men  participating  in  the  SHARE,  the  Baltimore  center  of  the  MACS  by  centrifugation  at  400 
g  for  30  min  over  Ficoll-Hypaque  (Boyum,  1968).  PBMC  were  washed  and  suspended  at  5x  10*  cells 
per  ml  in  complete  culture  medium  consisting  of  RPM1 1640  (Whittaker  Bioproducts,  Walkersville,  MD), 
1 0%  FBS  (Hyclone,  Logan,  Utah)  and  1 00  per  mi  gentamicin.  The  ceils  were  stimulated  with  0.5  //g 
per  ml  PHA  (Wellcome  Research  Laboratory,  Janesville,  NC)  and,  unless  otherwise  stated,  cultivated  in 
75  cm^  tissue  culture  fla.«ks  at  37'’C  in  5%  COj  and  95%  humidity. 

6.  Call oroUfaretion:  5x10*  PBMC  were  cultured  in  triplicate  wells  of  flat  bottom  96  well 
microtiter  plates  in  0.2  ml  with  PHA  or  complete  medium  atone  for  72  h,  with  a  pulse  of  1 per  well 
of  ’H-TdR  (Sp.  Act  6.7  Ci/mmol,  NEN)  for  the  last  I*'  h.  To  study  the  stimulatory  effects  of  IL2,  cells 
were  stimulated  with  PHA  for  55  h,  washed,  and  recultured  overnight  in  the  absence  of  lymphokines. 
Cells  was  cultured  at  5x10*  cells  per  well  with  or  without  1  nM  rlL2  for  48  hrs  and  pulsed  with  1  pCi  per 
well  of  ^H-TdR  for  the  last  4  h.  To  analyze  the  role  of  TGF-^„  1 .2  x  10*  PBMC  in  1 .2  ml  complete 
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medium  were  stimulated  with  PH  A  in  the  presence  of  predetermined  optimal  concentration  (1 2.5  pg  per 
ml)  chicken  anti-TGF-^,  neutralizing  antibody  or  control  (Chicken  IgG)  antibody  (both  from  R  &  D 
Systems,  Minneapolis,  MN)  and  cultured  in  24  well  flat  bottom  tissue  culture  plates.  After  55  h  in 
culture,  cells  were  washed  and  recultured  overnight  in  complete  medium.  5x10*  cells  per  well  were 
cultured  in  0.2  ml  complete  medium  for  48  h  in  the  presence  or  absence  of  rlL2,  TGF-/?,  antibody  or 
control  antibody  with  the  last  4  h  pulse  with  ^H-TdR.  The  amount  of  ’H-TdR  incorporated  into  cellular 
DNA  was  quantified  by  standard  liquid  scintillation  counting. 

7.  Lknitma  Mulion  snatvsis  of  hmohooroMfarativB  nsoonse  to  Mtarhukm-l.  LDA  of 
lymphocyte  proliferation  was  used  to  estimate  the  proportion  of  activated  (i.e.  IL-2  receptor  bearing) 
circulating  T  lymphocytes.  Assays  were  performed  in  U-bottom  96  well  plates  (Linbro).  PBML  obtained 
from  Ficoll-Hypaque  separated  peripheral  blood  were  serially  diluted  in  CM.  For  experimental  wells  the 
medium  was  supplennented  with  25%  MLA-144  supernatant  (approximately  20  units/ml  of  IL  2  final 
concentration).  Twelve  replicates  were  plated  per  dilution.  In  subsequent  experiments,  we  used  8 
four-fold  dilutions  ranging  from  80,000  to  4.9  cells/well.  Control  cultures  grown  in  the  absence  of  IL-2 
were  plated  in  sextuplicate  at  each  cell  dilution.  Cultures  were  incubated  at  37*C,  5%  CO,  humid 
atmosphere.  On  day  6  each  well  received  0.5  uCi  of  methyl-tritiated  thymidine  and  was  harvested  4  h 
later.  Thymidine  uptake  was  measured  by  liquid  scintillation  spectrometry  as  described  above 
Experimental  wells  were  scored  as  positive  or  negative  by  comparison  to  CPM  incorporated  in  control 
(i.e.  without  IL-2)  cultures  assayed  at  the  same  cell  concentration.  A  well  was  considered  positive  if  it 
exceeded  the  greater  of  the  geometriw  mean  control  CPM  plus  three  standard  deviations  or  500  CPM. 

The  frequency  of  IL-2  responsive  cells  was  estimated  by  a  two-step  procedure.  Briefly,  a 
preliminary  estimate  was  made  by  determining  the  slope  of  the  least  squares  line  of  best  fit  of  the  log 
fraction  negative,  wells  versus  the  responder  cell  concentration.  The  frequency  was  then  determined 
by  the  maximum  likelihood  approach  using  the  least  squares  estimate  as  an  initial  value.  Net  counts  per 
minute  per  precursor  (Net  CPMP)  was  calculated  at  each  cell  concentration  by  dividing  the  net  counts 
per  minute  (Net  CPM)  in  each  positive  well  by  the  average  number  of  precursors  per  positive  well.  Net 
CPM  was  obtained  by  subtracting  background  CPM  from  experimental  CPM,  where  background  CPM 
represents  an  N  weighted  mean  of  control  CPM  (N  =  6)  and  CPM  obtained  in  negative  experimental  wells. 
Precursors  per  positive  well  was  calculated  from  the  LDA  frequency  estimate  and  approaches  unity  at 
limiting  dilution. 

8.  '  ”I-/Z.2  binding:  After  stimulation  with  PH  A  for  55  h,  PBMC  were  washed  twice  and 
reincubated  in  complete  medium  at  37°C  overnight  (at  least  16  h).  The  cells  were  isolated,  washed, 
and  used  for  ’^*I-IL2  binding  assay  as  described  previously  (Robb  et  al,  1 985).  Briefly,  100  of  senal 
dilutions  of  1 .5  -  200  Pm  of  ice  cold  '^*I-IL2  (Sp.  Act  33-46  fjCMf/Q,  New  England  Nuclear,  Boston.  MA) 
were  mixed  with  1 00  //I  of  5x1 0*  cells  in  1 .5  ml  microcentrifuge  tubes.  After  30  min  incubation  on  ce. 
1  ml  of  ice-cold  media  was  added  to  each  tube,  and  the  tubes  were  then  centrifuged  at  9000  g  for  2 
min.  The  supernatants  were  saved  and  the  cell  pellets  suspended  in  100  /d  of  RPMI-1640  arxf 
centrifuged  through  the  oil  barrier.  The  tips  of  the  tubes  containing  the  cell  pellets  were  clipped,  and 
radioactivity  was  counted  in  a  y  counter.  The  nonspecific  binding  of  ’”I-IL2  to  the  cells  was  determmed 
in  some  experiments  by  adding  •«  100  fold  excess  cold  rlL2  (provided  by  Cetus  Inc,  Emeryville.  CA) 
The  B  max  of  IL2  binding  and  the  equilibrium  dissociation  constant  (kd)  were  determined  using  the 
ENZYFIT  program  (Enzfitter  Manual). 


9.  PnoanHon  and  •nt/vtiM  of  IL2R  a.  Band  TQF-B1  MRNA:  Total  cellular  RNA  was 
isolated  from  20  x  1 0*  unstimulated  or  24  h  PH  A  stimulated  cells  by  the  RNAzol  method  (Cinna/BKJtecx 
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Laboratories,  Friendswood,  TX).  For  unstimulated  cells  1 2  //g  and  for  stimulated  cells  1 5  //g  of  RNA  per 
lane  was  electrophoresed,  blotted,  and  hybridized  as  described  previously  (Raj  and  Pitha,  1 983)  with 
CDNA  probes  specific  for  human  IL2R  o,  IL2R  P  (plasmids  graciously  provided  by  Dr.  W.  J.  Leonard, 
NICHD,  Bethesda,  MD).  TGF-/91  (plasmid  graciously  provided  by  Dr.  R.  Derynick,  Department  of 
Developmental  Biology,  Genentech,  South  San  Francisco,  CA)  and  human  actin  (plasmid  graciously 
provided  by  Dr.  L.  H.  Kedes,  Stanford  University  School  of  Medicine,  Palo  Alto,  CA)  labelled  to  high 
specific  activity  with  ^^P  CTP  (NEN)  using  the  random  primer  method  (Feinberg  and  Vogelstein,  1 983). 
Air  dried  filters  were  exposed  at  -70°  C  to  Kodak  XAR  film  with  intensifying  screens,  and 
autoradiograms  were  scanned  with  a  densitometer  (Hoefer  Scientific  Instruments,  San  Francisco,  CA). 
The  concentrations  of  mRNA  bands  were  normalized  to  the  concentration  of  actin  mRNA  bands  (taken 
as  2000  arbitrary  densitometric  units). 

10.  cross  Imkma:  After  stimulation  with  PH  A  for  55  h,  and  recultivation  for 
overnight  in  complete  medium  as  described  above,  4-8  x  10°  ceils  were  incubated  on  ice  with  1  nM  '^°l- 
IL2  in  0.5  ml  RPMI  1 640  containing  3%  FBS  and  0.1  %  NaN,  for  one  hr.  After  three  washes  with  PBS 
containing  1  mM  MgClj,  the  receptor-ligand  complexes  on  cells  were  covalently  cross  linked  with  freshly 
prepared  disuccinimidyl  suberate  (DSS)  (Pierce  Chemicals,  Rockford,  IL)  as  previously  described  (Sharon 
et  al,  1 986).  The  cells  were  lysed  with  Tris  buffer,  pH  6.8,  containing  0.5%  NP-40  and  electrophoresed 
under  reducing  condition  on  gels  containing  1 0%  polyacrylamide  and  0.1%  SDS  (Saragovi  and  Malek, 
1987).  After  electrophoresis,  the  gels  were  fixed,  dried  under  vacuum,  and  autoradiographed  as 
described  (Chopra  et  al,  1989).  Quantitative  analysis  of  autoradiograms  was  performed  using  a 
scanning  densitometer  (Pharmacia  LKB,  Biotechnology,  Piscataway,  N.J.).  The  results  are  presented  as 
arbitrary  units  corresponding  to  the  relative  areas  under  the  peak. 

1 1 .  Statistical  analysis:  Data  analysis  was  performed  using  a  commercially  available 
statistical  package  (SYSTAT,  Evanston,  IL).  Student's  t-test  (two-tailed)  was  used  for  comparison  of 
radioactive  °H-TdR  and  densitometry  data.  °H-TdR  uptake  data  was  approximately  log  normally 
distributed  and  were  log  transformed  prior  to  use  of  Student's ’t”  test.  IL2  receptor  data  were  bimodally 
distributed;  the  Kruskal-Wallis  rank  order  test  was  used  to  compare  IL2R  expression  on  cells  from  HIV' 
and  HIV*  donors. 

C.  Results 

1.  Interaction  of  HIV-1  and  Bone  Marrow. 

a.  Culture  of  Human  Bone  Marrow  Cells.  Many  of  our  planned  experiments 
involve  assessment  of  marrow  growth  and  virus  growth  as  a  function  of  time  after  infection.  This  is 
difficult  using  currently  available  culture  methods  that  use  a  semi-solid  culture  medium  such  as  agar  or 
methylcellulose.  We  have  recently  adapted  a  culture  method  described  for  the  long  term  culture  of 
monocytes.  By  using  Teflon  culture  vessels  and  highly  specific  recombinant  growth  factors  we  are  able 
to  grow  sufficient  numbers  of  marrow  cells  and  maintain  them  in  culture  for  up  to  three  months.  Culture 
vessel  and  culture  density  aside,  all  other  culture  parameters  are  identical  to  that  used  in  a  conventional 
methylcellulose  assay. 

b.  Lymphocyte  and  monocyte  depleted  bone  marrow  and  purified  marrow 
progenKor  cells  can  be  infected  with  HIV-1 .  We  have  used  the  system  described  above  to  grow  human 
bone  marrow  cells  that  have  been  purified  using  two  different  methods.  The  object  of  these  purifications 
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is  to  remove  cell  types  that  are  already  known  to  be  permissive  to  HIV  infection.  After  lymphocytes  and 
monocytes  have  been  removed  we  can  culture  their  progenitors  and  determine  when  during  development 
these  cells  become  infectable.  In  this  way  we  can  determine  whether  HIV-1  growth  is  limited  to  mature 
peripheral  blood  cells  or  alternatively  whether  virus  can  be  harbored  in  more  primitive  progenitor  cells. 

We  have  used  Counterflow  Centrifugal  Elutriation  and  depletion  with  monoclonal  antibodies  plus 
complement  (anti-C04,  anti  LeuMI,  anti-C03)  as  a  means  of  lymphocyte  and  monocyte  depletion  of 
bone  marrow  progenitors.  We  have  infected  lymphocyte/monocyte  depleted  human  bone  marrow  with 
several  strains  of  HIV  and  have  used  in  situ  hybridization,  in  collaboration  with  Dr.  Opendra  Narayan  and 
his  colleagues,  to  probe  for  expression  of  viral  GAG  sequences.  We  have  detected  viral  GAG  mRNA  in 
the  monocytoid  progeny  of  monocyte  depleted  bone  marrow  after  1 4  days  culture  in  the  presence  of 
recombinant  human  M-CSF  and  GM-CSF,  suggesting  that  cells  earlier  than  those  found  in  the  periphery 
may  serve  as  viral  hosts  (figure  1 1. 

Although  elutriated  marrow  is  depleted  of  mature  lymphocytes  and  monocytes  it  contains 
progenitor  cells  of  all  lineages  at  various  stages  of  differentiation.  We  have  taken  advantage  of  a 
monoclonal  antibody  that  identifies  very  early  marrow  progenitor  cells  (anti-CD34)  to  positively  select 
a  relatively  homogeneous  cell  population  for  culture  and  infection.  Studies  involving  progenitor  growth 
at  limiting  dilution  are  now  in  progress  (see  below)  and  will  determine  whether  these  primitive 
multipotential  marrow  progenitors  can  be  infected  and  transmit  the  virus  to  their  progeny. 

c.  Effect  of  HIV-1  infection  on  growth  of  purified  progenitor  cells:  comparison 
of  conventional  methylcellulose  culture  and  Teflon  liquid  culture  systems.  We  compared  these  two 
systems  using  visual  colony  count  to  assess  progenitor  growth  in  the  methylcellulose  system  and 
tritiated  thymidine  uptake  to  assess  proliferation  in  the  Teflon  culture  system.  Purified  marrow 
progenitor  cells  (C034*  [MY-10*]  cells  isolated  by  immune  adherence)  were  used  in  both  assays. 
Replicate  cultures  were  established  after  24  h  adsorption  or  mock  adsorption  with  HIV-1  strain  KW  (a 
monocytotropic  strain,  the  gift  of  Dr.  H.  Farzadegan).  There  was  close  correlation  between  the  2  assays 
(figure  2,  A).  Although  a  modest  decrease  in  progenitor  growth  was  detected  by  both  colony  count 
(figure  2,  B)  and  thymidine  uptake  (figure  2,  C),  robust  growth  of  both  monocytoid  and  granulocytoid 
lineages  were  observed  in  the  cultures  derived  from  infected  progenitors.  The  use  of  purified  progenitor 
cells  and  recombinant  exogenous  growth  factors  suggest  that  reports  describing  severe  inhibition  of 
bone  marrow  colony  growth  by  HIV-1  may  reflect  secondary  effects  of  the  virus  on  other  cell 
populations  present  in  unfractionated  marrow  (e.g.  lymphocytes,  monocytes). 

d.  Limiting  dilution  analysis  (LDA)  of  human  bone  marrow  progenKor  growth. 
The  results  described  above  (section  b.),  as  well  as  those  reported  recently  by  Folks  et  al  (1989),  in 
which  monocyte/lymphocyte  depleted  bone  marrow  progenitors  were  shown  to  be  infectable  with  HIV- 1 
(which  was  detectable  in  their  monocytoid  progeny  2  weeks  later)  are  subject  to  a  major  criticism:  that 
even  low  levels  of  contaminating  infected  monocytes  (e.g.  <0.1  %)  could  harbor  virus  and  transmit  it 
to  newly  developing  monocytes  as  they  mature.  We  are  now  addressing  this  problem  by  using  LDA,  a 
quantitative  method  to  determine  the  frequency  with  which  cells  having  a  specific  functional  property 
are  present  in  a  heterogeneous  population.  We  have  used  this  method  extensively  to  lymphoproliferative 
responses  (see  below).  Recently  we  have  also  adapted  riiis  methodology  to  the  growth  of  human  bone 
marrow  progenitor  cells;  its  advantage  over  bulk  culture  methods  is  that  at  limiting  dilution  one  can 
determine  with  a  given  statistical  precision  that  ail  ceils  present  in  a  culture  were  derived  from  a  single 
precursor.  One  can  also  determine  the  probability  that  a  cell  of  a  given  phenotype  (e.g.  a  lymphocyte 
or  a  monocyte)  was  also  present  in  that  culture.  We  are  now  using  LDA  to  grow  monocyte/lymphocyte 
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depleted  bone  marrow  (from  HIV-1  infected  subjects  or  marrow  infected  in  vitro  prior  to  culture).  These 
studies  should  help  resolve  important  question  concerning  the  range  of  viral  permissiveness  in 
developing  human  bone  marrow  progenitor  cells. 

e.  Development  of  antigen  presenting  ceils  from  monocyte  depleted  bone 
marrow:  a  system  to  study  the  effects  of  HIV-1  infection  on  monocyte  ontogeny.  In  order  to  study  the 
effects  of  HIV-1  on  the  phenotypic  and  functional  ontogeny  of  antigen  presenting  cells  (APC),  we  have 
developed  a  liquid  culture  system  in  which  monocyte  depleted  bone  marrow  is  driven  to  proliferate  and 
differentiate  with  recombinant  human  GM-CSF  and  M-CSF  in  Teflon  flasks.  Ability  of  plastic  adherent 
cells  from  fresh  and  cultured  monocyte  depleted  bone  marrow  to  present  the  protein  antigen  tetanus 
toxoid  to  autologous  monocyte  depleted  lymphocytes  was  assessed  by  measuring  ’HTdR  uptake  after 
5  days  co-culture  in  microtiter  wells.  Generation  of  APC  function  and  maximal  CD4  expression  (as 
measured  in  the  monocyte  scatter  gate)  required  the  presence  of  CSFs  and  a  14  day  culture  interval 
(table  1).  In  contrast,  LeuMS"^  phenotype  developed  after  7  days  in  culture  with  CSFs.  This  system 
provides  a  simple  and  rapid  assessment  of  antigen  presenting  cell  ontogeny,  demonstrating  the 
appearance  of  LeuM3  prior  to  detectable  APC  function. 

In  two  independent  experiments  (table  2),  monocyte  depleted  bone  marrow  was  inoculated  with 
HIV-1  (lymphotropic  HTLV-IIIB  or  monocytotropic  SF1 62  strains),  washed  after  24  h,  cultured  with  CSFs 
for  1 4  days,  and  transferred  to  microtiter  wells.  Cells  adhering  to  the  plastic  wells  were  then  irradiated 
and  tested  for  the  ability  to  present  tetanus  toxoid  antigen  by  co-culture  with  autologous  monocyte 
depleted  lymphocytes.  Antigen  specific  lymphoproliferation  was  increased  2  to  3-fold  over  that 
observed  when  mock  infected  adherent  cells  were  used  as  APC.  Intimate  contact  between  APC  and 
lymphocytes  during  immune  interactions  may  be  a  mechanism  by  which  tfte  virus  facilitates  its  own 
transmission  and  propagation.  It  is  not  presently  known  whether  the  observed  increase  in  thymidine 
uptake  is  due  directly  to  interaction  of  lymphocytes  with  APCs  that  are  actively  expressing  HIV  gene 
products  (approximately  10%). 

! 

f.  Bone  Marrow  Transplantation  in  AIDS.  One  of  the  stated  AIMS  of  the  this 
contract  is  to  model  the  use  of  BMT  as  a  possible  treatment  for  AIDS.  This  area  was  advanced  with  the 
first  transplant  of  an  HIV-1  seropositive  patient  using  full  myeloablation  and  azidothymidine.  This 
laboratory  has  collaborated  in  this  project  by  monitoring  immune  reconstitution  after  transplantation. 
The  first  patient,  who  in  addition  to  his  HIV  disease  presented  with  an  aggressive  lymphoma,  died  of 
relapse  of  his  tumor  50  days  after  transplant.  Before  his  death,  several  important  parameters  of  antigen 
specific  immunity  had  been  restored.  At  autopsy  we  were  unable  to  detect  virus  using  polymerase  chain 
reaction  gene  amplification,  the  most  sensitive  technique  available.  We  initiated  a  protocol  to  transplant 
more  HIV-1  positive  patients  who  have  hematologic  malignancies  and  explored  the  possibility  of 
initiating  a  protocol  to  transplant  a  carefully  selected  population  of  HIV-1  seropositive  patients  without 
cancer.  These  results  were  published  in  abstract  form  (V  International  AIDS  conference,  Montreal)  and 
as  a  full  manuscript  (Annals  of  Internal  Med,  appended). 

The  second  patient  enrolled  into  our  phase  I  trial  of  allogeneic  BMT  plus  azidothymidine  for  HIV- 1 
positive  po  Jents  with  malignancies  was  a  36  y/o  man  with  nonHodgkin's  lymphoma  and  a  prior  history 
of  Pneumocystis  pneumonia.  Because  of  prior  radiation  therapy  he  could  not  receive  our  first  choice 
marrow  ablative  regimen  (200  mg/kg  cytoxan  (CY)  plus  1200  rads  total  body  irradiation  [TBI]).  He 
instead  received  busulfan  (16  mg/kg)  and  cytoxan  (200  mg/kg).  Unlike  the  first  patient  transplanted 
under  the  CY-TBI  protocol,  HIV-1  was  never  cleared.  Blood  and  bone  marrow  specimens  remained  virus 
positive  after  therapy.  Marked  restoration  of  immune  responses,  due  to  donor  and  recipient 
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immunization  (tetanus  and  diphtheria  toxoids)  and  adoptive  transfer  of  donor  immunity,  was  observed. 
The  patient  died  1 3  weeks  after  BMT  of  progressive  multifocal  leukoencephalopathy.  JC  virus  was 
isolated  from  his  brain  at  autopsy. 

The  third  patient  recruited  into  our  phase  I  trial  ,  a  29  y/o  HIV-1  seropositive  man  with 
nonHodgkins  lymphoma,  received  cytoxan  (200  mg/kg)  plus  total  body  irradiation  (1200  rads)  as 
marrow  ablative  therapy.  Prior  to  transplant  his  blood  and  bone  marrow  were  culture  positive  for  HIV-1 . 
He  was  placed  on  kTJ  one  week  before  initiation  of  marrow  ablation  and  remained  on  AZT  for  the 
duration  of  treatment.  He  and  his  HLA  matched  sibling  donor  were  immunized  (tetanus  and  diphtheria 
toxoids)  according  to  our  protocol.  His  immune  reconstitution  was  evaluated  in  his  5th  month  post¬ 
transplantation.  He  remained  virus  culture  negative  since  one  week  after  transplant  (blood  and  bone 
marrow,  16  cultures),  but  virus  was  first  detected  in  peripheral  blood  at  12  weeks  after  transplant  by 
polymerase  chain  reaction  gene  amplification  (40  days  after  BMT). 

After  determining,  in  the  first  3  patients,  that  bone  marrow  engraftment  was  not  compromised 
by  continuous  treatment  with  azidothymidine,  we  initiated  a  new  protocol  evaluating  the  use  of 
syngeneic  BMT  plus  AZT  for  treatment  of  AIDS  without  malignancy.  Despite  the  relatively  low 
frequency  of  AIDS  patients  with  HIV  negative  identical  twin  donors,  we  were  able  to  recruit  3  patients 
into  this  study  since.  Preparative  regimen  and  supportive  care  was  identical  to  that  used  for  the  study 
described  above  (including  the  Cyclosporine  A  regimen).  As  in  the  study  described  above.  Dr. 
Donnenberg's  lab  monitored  the  reconstitution  of  immune  responses  to  specific  antigens,  and  Dr. 
Margolick's  performed  detailed  flow  cytometric  evaluations. 

g.  Immune  Reconstitution  in  HIV  infected  BMT  Recipients.  In  order  to  facilitate 
adoptive  transfer  of  immunity  to  tetanus  toxoid,  donors  were  immunized  7-10  days  before  marrow 
harvest,  recipients  were  immunized  immediately  after  marrow  infusion.  Figures  3  and  4  show  tetanus 
specific  antibody  titers  and  lymphoproliferative  responses,  respectively,  for  2  patients.  The  phase  I  trials 
of  BMT  plus  azidothymidine  (AZT)  for  HIV-1  positive  patients  were  closed  after  enrolling  3  allogeneic 
and  3  syngeneic  patients.  These  studies  are  ongoing  at  Emory  University,  where  Drs.  Rein  Sara!  and 
Kent  Holland,  the  principal  clinical  investigators,  relocated  as  of  July  1,  1991.  The  results  of  the 
Hopkins  trial  are  summarized  below  in  tabular  form  (table  3). 

h.  SCID/Hu  Model  for  adoptive  transfer  of  HIV-1  specific  responses.  One  of  our 
major  goals  is  to  develop  bone  marrow  transplantation  as  a  therapeutic  modality  for  HiV-1  and  HTLV 
infection.  As  discussed  above,  our  findings  (Annals  of  Internal  Med.  111(121:973-981.  1989)  suggest 
that  it  may  be  possible  to  reduce  HIV-1  burden  by  many  orders  of  magnitude  through  total  marrow 
ablation  and  reconstitution  under  the  coverage  of  azidothymidine.  These  results  also  indicated  that 
antigen  specific  responses  (to  tetanus  and  diphtheria  toxoids)  could  be  restored  through  adoptive 
transfer  of  donor  memory  T  and  B  cells.  These  data  suggest  that  a  similar  strategy  of  transfer  of  HIV-1 
specific  immunity  could  be  perused  as  an  adjunct  to  the  antiviral  effects  mediated  by  marrow  ablation 
(cytoxan  plus  total  body  irradiation)  and  antiviral  agents.  Since  we  have  a  collaborative  relationship  with 
Dr.  R.  Markham,  who  heads  the  Hopkins  SCID  (severe  combined  immune  deficiency)  mouse  facility,  we 
were  able  to  determine  whether  SCID  mice  reconstituted  with  human  lymphocytes  could  accurately 
reproduce  the  results  obtained  in  human  marrow  transplant  patients,  and  therefore  serve  as  a  valid 
model  for  future  experiments  exploring  transfer  of  HIV-1  specific  responses. 

The  results  of  the  first  5  experiments  are  detailed  here.  We  have  recently  published  the  definitive 
findings  (Markham  and  Donnenberg,  1992).  CB.17  (scid/scid)  SCID  mice  (2  mice/group)  were  given 
1 .5  X  10’  peripheral  blood  mononuclear  cells  from  a  single  normal  human  volunteer.  Three  days  after 
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transfer  the  recipient  mice  were  bled  and  some  of  the  mice  were  then  immunized  intraperitoneally  with 
0. 1  ml  tetanus  toxoid  ( 1 0  Lf  units/ml) .  Seven  days  after  immunization  the  mice  were  bled  to  determine 
the  levels  of  human  anti-tetanus  IgG.  Mice  that  received  human  PBMC,  but  no  tetanus  and  mice  that 
received  tetanus  toxoid,  but  no  human  PBMC  were  also  evaluated.  Using  an  ELISA  assay  specific  for 
human  anti-tetanus  IgG,  the  optical  density  of  the  pre-  and  post-immune  sera  was  determined  at  serial 
two-fold  dilutions.  These  data  demonstrate  the  ability  of  the  reconstituted  SCID  mice  to  generate 
secondary  antibody  responses  shortly  after  adoptive  transfer  of  cells. 

In  the  preliminary  studies  described  above,  we  demonstrated  that  low  titer  (1/8)  tetanus 
specific  antibody  could  be  detected  by  ELISA  in  Hu-PBL/SCID  chimeric  mice  only  if  the  mice  were 
boosted  with  tetanus  toxoid  following  transfer  of  human  lymphocytes.  Since  our  studies  in  human  bone 
marrow  transplant  recipients  indicate  that  recent  booster  immunization  of  the  donor  prior  to  marrow 
harvest  favors  the  adoptive  transfer  of  immune  memory  to  the  marrow  recipient,  we  examined  the  effect 
of  donor  and  recipient  booster  immunization  on  transfer  of  tetanus  specific  human  antibody  responses 
in  SCID  mice  reconstituted  with  human  peripheral  blood  cells.  Groups  of  3  six  to  eight  week  old  SCID 
mice  were  transplanted  intraperitoneally  with  1.25  x  10^  peripheral  blood  mononuclear  cells  obtained 
from  a  single  human  donor  either  before  or  after  booster  immunization  of  that  donor  with  tetanus  toxoid . 
The  recipient  SCID  mice  were  immunized  3  or  35  days  after  cell  transfer  with  0.1  ml  tetanus  toxoid  ( 1 0 
Lf/ml)  or  with  0.5  ml  sheep  red  blood  cells  (SRBC,  10%  vol/vol).  The  tetanus  toxoid  protocol  was 
repeated  with  cells  obtained  from  the  same  donor  1 0  days  after  he  received  a  TT  booster  immunization 
(0.5  ml,  1 0  Lf/ml).  Sera,  pooled  by  experimental  group,  were  obtained  from  recipient  mice  (0, 1 4,35  and 
45  days  after  cell  transfer)  and  assayed  by  ELISA  for  human  IgG  to  tetanus  toxoid,  and  for  SRBC  specific 
hemagglutinating  antibody. 

Primary  immunization  of  Hu-PBL/SCID  chimeric  mice  with  SRBC  did  not  elicit  a  detectable 
antibody  response.  In  contrast,  adoptive  transfer  of  secondary  responses  to  T  were  consistently 
observed.  The  magnitude  of  this  response  was  highly  dependent  on  the  immunization  protocol  (table 
4). 

These  data  indicate  that:  1 )  Hu  PBL/SCID  chimeric  mice  could  not  generate  a  primary  antibody 
response  to  a  novel  antigen  (SRBC):  2)  Adoptive  transfer  of  secondary  antibody  responses  depend  on 
both  the  donor  immune  status  and  require  early  recipient  immunization  (<  day  35)  for  optimal 
responses;  3)  Titers  achieved  in  optimally  immunized  chimeric  SCID  mice  equaled  those  observed  m  high 
the  boosted  human  donor;  and  4)  This  model  system  may  be  of  use  in  characterizing  adoptive  transfer 
of  HIV-1  specific  responses,  an  area  of  importance  to  the  development  of  bone  marrow  transplantation 
as  anti-retroviral  therapy.  These  data  were  presented  at  the  6th  International  AIDS  conference. 

2.  Evaluation  of  immunologic  chances  related  to  progression  of  HIV  infection. 


a.  Row  Cytometric  Studies^ 

(1)  Changes  in  T  cell  subsets.  Analyzing  data  acquired  over  the  first 
three  years  of  the  multicenter  AIDS  cohort  study  (MACS),  we  demonstrated  that  when  CD3 ' ,  CD4 ' 
and  CDS*  lymphocytes  are  determined  independently  (one-parameter  analyses),  an  increase  in  CD3  - 
(CD4  +  CDS)  occurs  at  the  time  of  seroconversion  and  continues  afterward.  This  increase  is  present 
in  both  absolute  and  relative  terms  and  cannot  be  accounted  for  by  changes  in  the  CD4*  and  CDS' 
populations  of  T  ceils.  The  most  likely  explanations  for  these  findings  were  that  either  1 )  there  is  an 
increase  in  "double  negative"  T  cells,  i.e.,  lymphocytes  expressing  the  CD3XD4'CC)8' phenotype,  or  2) 
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there  is  a  decrease  in  natural  killer  (NK)  cells,  some  of  which  express  the  C03'CD4'CD8*  phenotype. 
A  paper  describing  these  findings  and  discussing  these  possible  explanations  for  the  findings  was 
published  (Margolick  et.  al.,  Clin.  Immunol.  Immunopathol.  57:348-361,  1989)  and  a  reprint  is 
appended. 

To  test  these  hypothetical  explanations  for  the  increase  in  calculated  double  negative  cells 
present  in  seropositive  individuals  compared  to  seronegatives,  we  studied  seropositive  and  seronegative 
subjects  participating  in  SHARE  (homosexual  men)  and  ALIVE  (a  cohort  of  intravenous  drug  users  also 
being  followed  prospectively  at  Johns  Hopkins  beginning  in  February,  1 988).  Preliminary  results  derived 
from  the  65  patients  (34  seronegative  for  HIV-1  and  31  seropositive,  including  4  with  AIDS)  are  shown 
in  table  5.  It  is  important  to  note  in  this  table  that  the  expected  increase  in  absolute  number  of 
calculated  double  negative  cells  was  indeed  observed  and  was  statistically  significant.  This  result 
permits  a  more  detailed  analysis  of  the  relative  contributions  of  the  two  cell  populations  which  we 
expect  to  account  for  this  increase. 

To  evaluate  the  possibility  of  an  increase  in  true  (as  opposed  to  calculated)  double  negative  T 
cells,  we  have  stained  lymphocytes  with  antibodies  to  CD3  (fluorescein-conjugated)  and  a  mixture  of 
CD4  and  C08  (phycoerythrin-conjugated)  in  a  single  specimen,  so  that  lymphocytes  with  the  CD3  ^  CD4 
CD8'  phenotype  can  be  measured  directly  and  unambiguously  (figure  5).  In  this  figure,  the  double 
negative  lymphocytes  are  those  in  quadrant  4  (lower  right  quadrant)  which  fluoresce  positively  with  anti- 
CD3  (green)  but  not  anti-CD4  or  anti-CD8  (red).  We  hypothesize  that  these  cells  may  represent  a  T  cell 
precursor  population. 

As  shown  in  Table  5,  the  absolute  number  (cells/mm^)  of  lymphocytes  with  the  double  negative 
(CD3*C04'C08')  phenotype  were  significantly  increased  in  seropositive  individuals  as  compared  to 
seronegatives.  A  similar  increase  was  also  present  in  relative  (percent)  terms  (not  shown).  Most  of  this 
change  appeared  to  be  due  to  an  increase  in  T  cells  (CD3*)  expressing  the  gamma/delta-T  cell  receptor 
rather  than  the  more  common  alpha/beta-receptor,  as  indicated  by  significant  increases  in  the  absolute 
number  and  proportion  (not  shown)  of  lymphocytes  staining  with  an  antibody  (TCR<f-1 ,  T  Cell  Sciences, 
Cambridge,  MA)  to  the  delta  chain  of  the  T  ceil  antigen  receptor. 

To  evaluate  the  possibility  of  a  fall  in  NK  ceils  expressing  the  C03'CD4'CD8^  phenotype,  we 
have  taken  advantage  of  the  fact  that  some  NK  ceils  express  CD8  at  low  levels.  Therefore,  we  have 
measured  the  proportion  and  number  of  dim  CD8^  lymphocytes.  Although  the  proportion  of  such  cells 
was  not  decreased  in  seropositive  individuals  (not  shown),  the  absolute  number  was  significantly 
decreased,  consistent  with  this  possibility.  In  further  support  of  this  interpretation,  there  was  a  large 
(67%)  decrease  in  the  absolute  number  of  lymphocytes  expressing  the  Leu19"^CD3'  phenotype 
characteristic  of  NK  cells  in  seropositive  as  compared  to  seronegative  subjects.  This  decrease  was 
statistically  significant  despite  the  smaller  number  of  subjects  studied. 

T aken  together,  these  results  suggest  that  the  increase  in  calculated  CD3  minus  (C04  plus  COS) 
is  due  to  both  an  increase  in  double  negative  T  cells  and  a  decrease  in  natural  killer  cells.  On  the  basis 
of  these  preliminary  data,  the  contribution  of  the  decline  in  NK  cells  appears  to  be  about  twice  that  of 
the  increase  in  true  double  negative  T  cells.  A  role  for  NK  cells  in  host  defense  against  HIV  has  been 
postulated,  but  most  studies  have  not  found  a  decrease  in  NK  cell  numbers  until  after  the  onset  of  AIDS. 
Our  results  suggest  that  this  decline  occurs  much  earlier  than  has  been  thought,  and  it  will  therefore  be 
important  to  determine  if  this  decrease  is  of  prognostic  significance.  Studies  to  investigate  this 
possibility  using  the  MACS  data  are  underway.  In  addition,  our  data  are  consistent  with  the  hypothesis 
that  double  negative  T  cells,  as  well  as  T  cells  expressing  the  yd-TCR,  may  play  a  role  in  defense  against 
HIV.  These  results  were  presented  and  published  in  abstract  form  (annual  meeting  of  the  Clinical 
Immunology  Society,  Alexandria,  VA,  November  1989  see  appended  abstract). 
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(2)  Natural  killer  (NK)  cells  and  |rd  T  cells  in  participants  in  SHARE.  We 
have  continued  to  study  proportions  and  numbers  of  natural  killer  NK)  cells  and  ydT  cells  in  participants 
in  SHARE,  the  Baltimore  chapter  of  the  Multicenter  AIDS  Cohort  Study  (MACS).  The  cells  being 
quantified  include  y6  T  cells,  both  COB  +  and  COB*,  natural  killer  cells  as  defined  by  the  CD56  +  CD3- 
phenotype,  and  the  standard  CD3,  CD4,  and  COB  lymphocytes.  In  addition,  we  have  also  specifically 
measured  the  number  of  T  cells  expressing  COB  but  at  dim  levels  rather  than  the  bright  levels  of 
immunofluorescence  characteristic  of  mature  cytotoxic  T  cells.  Findings  on  the  first  64  AIDS-free 
participants  are  summarized  in  table  6.  Sample  size  has  subsequently  been  increased  to  232  (table  5), 
with  identical  conclusions.  The  results  were  accepted  for  publication  by  Clinical  Immunology  and 
ImmunopatholoQv  (Margolick,  J.B.,  Scott,  E.R.,  Odaka,  N.,  and  Saah,  A.J.  Flow  cytometric  analysis 
of  y6  T  cells  and  natural  killer  cells  in  HIV-1  infection.  Clin.  Immunol.  Immunooathol..  5S:126-13S, 
1991).  The  findings  are  notable  for  showing  a  marked  decrease  in  NK  cells  in  seropositive  individuals 
compared  to  seronegative,  which  is  relatively  independent  of  stage  of  HIV  infection  since  it  is  seen  at 
all  levels  of  CD4  cell  numbers  (figure  6).  In  addition,  the  findings  demonstrate  that  changes  in  dim  COS 
cells  and  yS  cells  are  of  smaller  magnitude,  although  there  is  a  proportionately  large  increase  in  y6  cells 
that  co-express  CDS  (at  dim  levels).  The  function  of  these  cells  is  not  known,  although  they  have  been 
reported  to  recognize  "stressed"  lymphoid  cells.  Finally,  it  appears  that  although  dim  CDS  cells  have 
traditionally  been  regarded  as  NK  cells,  in  HIV-1  sero-positive  individuals  a  high  proportion  of  them  may 
actually  be  y6  T  cells. 

We  have  also  performed  a  preliminary  analysis  of  the  relationship  between  changes  in  CD4  and 
CDS  subsets  in  HIV-1  seroconverters  which  indicate  a  relative  excess  of  CDS  cells  in  the  first  6  months 
after  seroconversion  but  not  thereafter.  Specifically,  the  rise  in  CDS  cells  that  follows  seroconversion 
appears  to  exceed  in  magnitude  the  fall  in  CD4  cells  that  occurs  during  the  same  time  period.  The 
meaning  of  this  change  is  not  obvious,  but  it  is  another  example  of  the  fact  that  larger  changes  in  T  cell 
subsets  appear  to  occur  early  after  seroconversion  than  later  on,  and  this  finding  points  to  the 
importance  of  understanding  this  early  time  period  of  HIV  infection.  An  abstract  describing  these 
findings  was  submitted  to  the  VI  international  conference  on  AIDS  in  San  Francisco,  June  1990 
(appended). 

We  are  continuing  to  extend  these  studies.  We  have  begun  looking  at  the  subset  of  y6  T  cells 
recognized  by  the  monoclonal  antibody  dTCS-1,  i.e.,  the  V,1  subset.  These  cells  were  reported  by 
others  to  be  increased  in  HIV-1  seropositives  (Autran  et  al,  Clin.  Exp.  Immunol.  75:206,1 9S9).  Our  data 
on  30  seropositive  individuals  also  show  this  difference,  and  in  the  seropositives  the  data  suggest  that 
higher  numbers  of  these  cells,  with  or  without  expression  of  the  CDS  molecule,  may  be  associated  with 
higher  numbers  of  CD4  lymphocytes  (figure  7)  .  The  differences  observed  are  obviously  very 
preliminary,  but  it  should  be  noted  that  no  similar  differences  were  seen  in  total  lymphocyte  count  or 
total  T  cell  count. 

Studies  of  T  cell  regulation  are  continuing  using  the  MACS  seroconverters  as  a  source  of  data 
on  T  cell  subset  measurements  on  the  same  individuals  before  and  after  seroconversion  to  HIV-1 .  The 
analysis  is  not  concluded  but  our  preliminary  observations  on  the  Baltimore  (SHARE)  cohort  of  gay  men 
are  supported  so  far:  that  T  cells  change  primarily  in  the  first  year  or  two  after  seroconversion  and  are 
quite  stable  thereafter,  and  that  non-T  cells  show  a  pattern  of  decline  which  resembles  that  of  CD4  cells: 
rapid  at  first,  then  slower  but  still  declining.  We  are  continuing  to  monitor  NK  cells  (CD3'CD56*)  in 
members  of  the  SHARE  Baltimore  cohort  of  gay  men  so  that  we  can  determine  to  what  degree  changes 
in  non-T  cells  are  accounted  for  changes  in  NK  ceils. 

We  have  begun  to  analyze  the  relationship  between  numbers  and  percents  of  natural  killer  (NK) 
cells  and  non-T  lymphocytes  (i.e.,  lymphocytes  which  are  CD3')  in  the  Baltimore  cohort  of  gay  men  (the 
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SHARE  Study).  Preliminary  observations  on  SHARE  participants  indicate  that  there  is  a  high  correlation 
(r=0.50  approximately)  between  measurements  of  non-T  cells  at  a  given  visit  and  natural  killer  (NK) 
cells,  as  identified  by  the  CD3'CD56*  phenotype,  at  the  same  visit  (figure  8).  This  relationship  holds  for 
both  HI V-1 -seropositive  and  HIV-1 -seronegative  men.  The  next  phase  of  the  analysis  will  be  to 
determine  the  relationship  between  changes  in  NK  cells  and  changes  in  non-T  lymphocytes.  This  will 
require  continued  analyses  of  SHARE  participants  over  at  least  two  visits. 

(3)  Expression  of  HLA-DR  by  monocytes  of  HtV-seroposKive  individuals. 
To  test  the  possibility  that  decreases  in  HLA-OR  expression  which  lie  within  the  normal  range  may 
contribute  to  immune  suppression  in  HIV  infection,  we  prospectively  evaluated  expression  of  HLA-OR 
by  peripheral  blood  monocytes  of  homosexual  men  who  are  seropositive  for  HIV.  This  study  is  being 
conducted  prospectively  in  participants  in  SHARE,  the  Baltimore  chapter  of  MACS.  We  are  evaluated 
subjects  who  have  developed  antibodies  during  the  study,  so  that  the  time  of  infection  with  HIV  is 
known  to  within  four  months.  Seronegative  and  long-term  seropositive  subjects  were  also  studied  for 
purposes  of  quality  control  and  establishing  normal  levels  of  expression  of  HLA-DR  by  monocytes.  For 
these  studies,  the  monocyte  population  is  defined  by  light  scatter  characteristics  and  by  positive  staining 
with  the  monoclonal  antibody  anti-LeuM3  which  stains  most  monocytes  but  not  lymphocytes. 

We  have  studied  monocytes  from  72  seroconverters.  All  but  one  of  these  have  had  normal 
percentages  of  monocytes  expressing  HLA-DR,  i.e.,  more  than  85%  of  monocytes  positive  for  HLA-DR. 
These  levels  have  not  changed  when  these  subjects  have  returned  for  follow-up  evaluations.  We  also 
measured  intensity  of  HLA-DR  expression  on  a  per  cell  basis,  so  that  not  only  number  of  positive 
monocytes  but  degree  of  positivity  could  be  factored  into  this  analysis  in  the  future.  This  particular 
aspect  of  the  study  was  initially  delayed  because  it  required  re-calibration  of  the  flow  cytometer. 

(4)  Analysis  of  cerebrospinal  fluid  from  HIV-seropositive  individuals.  In 
keeping  with  one  of  the  major  goals  of  this  project,  the  prospective  evaluation  of  risk  factors  for 
development  and  progression,  we  developed  a  method  for  phenotypic  analysis  of  lymphocytes  in 
cerebrospinal  fluid  (CSF)  by  2-color  flow  cytometry.  In  collaboration  with  Dr.  Justin  McArthur  of  the 
Department  of  Neurology,  Johns  Hopkins  Hospital,  we  found  that  in  all  stages  of  HIV-associated 
neuropathology,  as  well  as  in  control  subjects  without  neurologic  disease,  the  proportions  of  CD3  + , 
CD4  + ,  and  CD8  +  lymphocytes  in  the  CSF  are  virtually  the  same  as  those  in  the  peripheral  blood 
(Margolick  et  al,  1988).  This  result  suggests  the  absence  of  preferential  recruitment  of  lymphocyte 
subtypes  to  the  CSF,  and  the  lack  of  preferential  T  cell  proliferation  in  the  CSF.  After  our  initial  report, 
we  extended  the  study  to  include  activation  markers  on  paired  peripheral  blood  and  cerebrospinal  fluid 
specimens  from  32  HIV^  and  HIV’  individuals.  The  finding  that  there  is  a  consistent  lack  of  preferential 
expression  of  putative  activation  markers  HLA-DR  and  CD38  on  either  the  CD4  or  CDS  subset  of  T  cells 
in  the  CSF  as  compared  to  the  peripheral  blood,  held  true  (figure  1 0)  in  single  and  subsequent  2-color 
analyses.  It  is  surprising  in  view  of  the  general  belief  that  the  lymphocytes  in  the  CSF  are  more  likely 
than  those  in  the  peripheral  blood  to  be  activated.  Either  this  belief  is  false,  or  the  markers  being  tested 
are  not  useful  as  activation  markers,  or,  more  remotely,  HIV-1  +  individuals  do  not  generate  activated 
T  cells  well  in  CSF.  To  test  the  latter,  individuals  with  other  neurologic  diseases  are  needed  and  these 
will  be  sought  for  analysis. 


(5)  Development  of  improved  software  for  flow  cytometric  data 
acquisition  and  analysis.  We  have  long  recognized  the  need  for  an  inexpensive  and  versatile  system  for 
acquiring  and  storing  data  files  of  raw  flow  cytometric  data  (listmode  data)  that  can  be  re-analyzed  after 
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sample  data  have  been  obtained.  In  collaboration  with  Dr.  Robert  Vogt  of  the  Ceriters  for  Disease 
Control,  we  tested  a  new  system  of  hardware  and  software  that  provides  such  capability  for  the  EPICS 
C  flow  cytometer  in  our  laboratory.  The  system  interfaces  the  flow  cytometer  with  an  analogue-to- 
digital  converter  and  a  personal  computer  equipped  with  a  new  software  package  called  Acmecyte, 
written  with  our  input  by  Dorn  Hetzel.  With  this  system,  we  can  analyze  the  same  flow  cytometric  data 
on  the  EPICS  C  itself  aod  on  our  computer  simultaneously.  Preliminary  study  indicated  that  virtually 
identical  results  were  obtained  for  several  phenotypes  of  interest  for  the  natural  history  of  HIV-1 
infection  (table  7).  Subsequent  analysis  revealed  very  small  biases,  none  of  biological  importance,  in 
the  following  phenotypes:  CD3*,  CD4*,  CD8^,CD3'CD56^  (natural  killer  cells),  CD8TCRtf-1  *  {yST  cells 
not  expressing  CD8),  and  CD8*TCRd^-1  {yS  T  cells  expressing  CD8).  The  results  were  presented  at 
the  Conference  on  Clinical  Applications  of  Cytometry,  Charleston  SC  and  were  submitted  to  Cvtometrv 
as  the  first  simultaneous  comparison  by  two  analytic  methods  of  data  acquired  by  one  flow  cytometer. 
A  copy  of  the  abstract  and  manuscript  are  attached.  In  addition  to  data  acquisition  software,  new 
analytical  approaches  were  evaluated,  including  the  use  of  spline  statistics,  with  the  collaboration  of  Dr. 
S.  Jay  Smith  of  the  U.S.  Centers  for  Disease  Control  (Atlanta,  GA). 

b.  Functional  Studies. 

(1)  Magnitude  of  antigen- and  mitogen-induced  lymphoproliferation.  To 
determine  whether  loss  of  antigen-induced  T  ceil  proliferative  responses  are  predictive  of,  or  merely 
coincident  with  disease  progression,  we  followed  these  responses  among  SHARE  seroconverters.  This 
population  was  chosen  because  they  are  still  in  the  early  stages  of  decline  and  therefore  can  provide 
baseline  data  against  which  subsequent  values  may  be  compared.  Such  a  foundation  is  needed  in  view 
of  the  notorious  variability  of  lymphoproliferative  responses  among  individuals  and  between  individuals, 
especially  with  respect  to  antigens.  We  also  evaluated  responses  to  T  cell  dependent  mitogens  (PHA, 
PWM,  Con  A)  both  as  positive  controls  for  the  soluble  protein  antigens  and  to  evaluate  the  prognostic 
value  of  these  parameters  as  well.  Another  strength  of  the  experimental  design  was  that  a  seronegative 
participant  was  studied  concurrently  with  each  seroconverter,  in  order  to  provide  a  positive  control  for 
reagents  and  cell  preparation.  Most  seroconverters  were  tested  as  they  came  to  clinic  for  their  routine 
visits.  Whenever  a  seroconverter  was  tested,  a  seronegative  study  participant  was  analyzed 
concurrently,  as  a  control  for  assay-to-assay  variation,  if  needed.  We  analyzed  36  seropositive 
specimens,  mostly  from  seroconverters,  and  30  seronegatives.  There  was,  as  would  be  expected,  a 
large  amount  of  variation  across  individuals,  but  certain  trends  could  be  recognized.  Mitogen  responses 
declined  with  time  from  seroconversion,  and  this  is  clearest  with  Pokeweed  mitogen  (figure  9),  which 
is  consistent  with  other  studies  which  have  emphasized  the  utility  of  this  test  for  prognostic  purposes. 
In  addition,  responses  to  tetanus  toxoid  also  declined  with  time,  although  this  measure,  which  in  theory 
should  be  the  best  predictor  of  future  progression  clinically,  was  not  a  good  as  PWM  because  of  its 
greater  variability  in  immunologically  normal  individuals. 

(2)  Limiting  DIution  Analysis  of  In  Vivo  Activated  (IL-2 
Responsive)Peripheral  Blood  Lymphocytes  in  HIV-1  Infected  Subjects.  Using  conventional  bulk  culture 
of  peripheral  blood  mononuclear  cells  (PBMC),  we  confirmed  the  results  of  others  that  HIV  infected 
patients  manifest  a  loss  of  T  cells  that  can  respond  to  IL-2.  Thus  PBMC  from  AIDS  patients  respond 
more  poorly  than  those  from  patients  with  AIDS  related  complex  (ARC),  which  respond  more  poorly  than 
cells  from  asymptomatic  HIV-infected  subjects;  all  HIV-infected  groups  have  weaker  responses  than 
uninfected  people.  Using  a  novel  highly  quantitative  assay  to  estimate  the  proportion  of  IL-2  responsive 
cells  and  examine  responsiveness  on  a  "per  cell”  basis,  we  found  in  a  cross-sectional  study  of  a 
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spectrum  of  HIV-infected  homosexual  men  that  there  was  a  progressive  decrease  in  the  number  of  IL-2 
responsive  cells  decreases  as  the  disease  progressed.  However,  a  potentially  very  important  finding  was 
that  individual  IL-2  responsive  cells  from  asymptomatic  infected  persons  or  ARC  patients  responded  as 
well  as  individual  IL-2  responsive  cells  from  healthy  noninfected  persons.  In  contrast.  AIDS  patients  not 
only  had  fewer  IL-2  responsive  cells,  but  those  that  did  respond  gave  rise  to  fewer  progeny  cells.  These 
results  suggest  that  an  impairment  in  responsiveness  to  IL-2  may  limit  the  ability  of  AIDS  patients  to 
amplify  responding  immune  cells.  A  manuscript  describing  our  findings  has  been  published  in  Clinical 
Immunology  and  Immunopathology,  and  a  reprint  of  the  paper  is  appended. 

To  confirm  and  extend  these  results,  and  to  evaluate  rigorously  the  value  of  measurement  of  IL-2 
responsive  lymphocytes  for  staging  and  prognostication  of  HIV  infection,  we  initiated  such  a  study  using 
PBMC  from  seroconverters  in  the  Baltimore  chapter  of  the  Multicenter  AIDS  Cohort  study.  This  was 
supervised  by  Dr.  Rajesh  Chopra  who  joined  our  laboratory  as  a  Research  Associate  with  the  support 
of  this  contract.  The  analysis  of  IL-2  responsive  T  cells  in  SHARE  participants  continued  to  demonstrate 
that  there  were  reductions  in  both  the  number  and  responsiveness  of  cells  with  progressive  HI  V  infection 
as  reflected  in  declining  numbers  of  CD4  T  cells.  These  deficits  were  not  reversed  by  the  addition  of 
large  mounts  of  IL-2  to  the  cultures,  nor  by  the  addition  of  PH  A  as  well  as  IL-2.  These  results  show  that 
there  is  an  intrinsic  inability  of  T  cells  in  HIV  infection  to  be  activated  by  PHA  at  the  level  of  the  single 
T  cell  in  a  monocyte-dependent  system.  An  abstract  describing  these  findings  was  submitted  to  the 
annual  meeting  of  the  American  Association  of  Immunologists,  New  Orleans  in  June,  1 990. 

Other  studies  pursued  by  Dr.  Chopra  focused  on  the  structure  of  the  IL-2  receptor  in  human 
lymphocytes,  specifically  expression  of  the  a  and  subunits,  to  see  if  these  are  normally  expressed  on 
resting  and  activated  (stimulated)  T  cells  from  participants  in  our  NIAID-funded  prospective  studies  who 
are  at  different  stages  of  HIV  infection.  We  hypothesized  that  there  may  be  correlations  between  the 
expression  of  these  receptor  subunits  and  the  stage  of  immunodeficiency  and  the  number  of  CD4 
lymphocytes  present  in  these  individuals.  With  the  recent  report  by  Taniguchi  et  al  of  the  development 
of  antibodies  to  the  P,  we  asked  for  and  received  a  donation  of  the  antibodies  from  this  group.  The 
antibodies  stain  weakly  compared  to  the  familiar  tac  antibody  to  the  a  chain,  which  complicated 
quantification  of  the  number  of  positive  cells  and  the  intensity  of  positivity  of  these  cells.  The 
expression  of  the  P  chain  and  a  chain  of  the  T  cells  from  SHARE  participants  was  also  analyzed  in  both 
resting  and  stimulated  T  cells,  in  combination  with  antibodies  to  CD4  and  CDS  so  that  defects  in  specific 
T  cell  subsets  could  be  detected. 

In  addition  to  flow  cytometry  these  studies  were  continued  through  the  use  of  severs! 
techniques:  flow  cytometric  analysis  of  expression  of  the  a  and  P  subunits  of  the  high  affinity  IL  2 
receptor  (IL2R)  by  the  use  of  monoclonal  antibodies  specific  for  these  subunits;  2)  flow  cytometnc 
detection  of  fluorescent-labeled  IL-2  (fluorescein  conjugated  to  IL-2);  and  3)  analysis  of  binding  of 
radiolabeled  IL-2  to  lymphocytes.  A  fourth  method  was  also  initiated,  namely  analysis  of  a  and  P 
expression  in  IL2R  bound  by  IL-2  cross-linked  to  the  high  affinity  receptors.  Results  can  be  summsnzed 
as  follows:  as  previously  reported,  there  is  reduced  expression  of  the  a  subunit  by  stimulated  PBMC 
from  HIV-1  *  individuals;  2)  expression  of  the  P  unit  is  difficult  to  quantify  using  monoclonal  antibodies 
The  intensity  of  fluorescence  obtained  by  indirect  methods  is  too  low  to  permit  accurate  quantificstton 
of  the  percent  of  positive  ceils,  both  in  seropositives  and  seronegatives,  as  shown  in  figure  10 
However,  there  was  no  gross  difference  in  expression  of  the  P  subunit  between  seropositives  and 
seronegatives,  either  by  resting  or  stimulated  PBMC.  Similarly,  use  of  fluorescence  labeled  IL-2  did  not 
permit  accurate  quantification  of  cells  expressing  high  affinity  IL2R. 

We  have  also  analyzed  the  subunit  composition  of  high  affinity  IL-2  receptors  crosslinkad  to 
radiolabeled  IL-2  and  analyzed  by  SDS-PAGE.  Findings  in  1 2  seropositive-seronegative  pairs  ind<ate 
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that  there  is  no  difference  in  the  alfi  ratio  by  HIV-1 -serostatus.  Thus,  other  explanations  besides  IL2R 
dysfunction  still  are  needed  for  the  reduced  lymphoproliferative  responses  seen  in  HIV-1  *  individuals. 
Based  on  a  recent  report  (Kekow  et  al,  Proc  Natl.  Acad.  Sci.  87:8321,  1990),  we  undertook  to 
determine  whether  these  differences  could  be  accounted  for  by  excessive  production  of  transforming 
growth  factor-beta  (TGF-;?).  We  have  found  no  evidence  of  increased  TGF-^  production  in  the  HIV* 
individuals  studied  to  date,  compared  with  seronegative  controls.  This  has  been  studied  at  the 
functional  level,  using  the  CCL64  assay,  based  on  proliferation  of  a  cell  line  which  is  inhibited  by  TGF-)9, 
and  at  the  RNA  level  using  a  CDNA  probe  specific  for  TGF-)9,  in  collaboration  with  Dr.  Babu  Raj  (figure 
1 1 )  of  the  Johns  Hopkins  Oncology  Center. 

Analyses  of  IL2R  subunit  MRNA,  conducted  with  the  collaboration  of  Dr.  Raj,  has  shown  in 
small  numbers  of  individuals  1 )  that  the  a  subunit  is  greatly  reduced  in  stimulated  cells  from  HIV  *  donors 
as  compared  to  HIV-,  as  previously  reported;  and  2)  the  subunit  is  also  reduced,  but  by  a 
proportionately  smaller  amount  (figure  11),  which  has  not  been  reported.  Of  note,  no  individuals  were 
found  with  absent  IL2R-/9  subunit  MRNA  expression,  as  was  reported  by  Sahraoui  et  al  at  the  San 
Francisco  AIDS  Conference.  There  does  appear  to  be  a  fraction  of  T  cells  that  responds  poorly  to  PHA, 
even  after  3  days  of  culture,  but  the  basis  for  this  remains  to  be  determined. 

D.  Discussion  related  to  the  goals  of  this  contract. 

a.  Original  Goals.  This  contract  proposal  was  submitted  under  the  Broad  Aoencv 
Announcement  and  underwent  two  cycles  of  review  prior  to  funding  (original  submission  date  February, 
1986;  funded  December,  1987).  In  response  to  the  requests  of  Drs.  Bancroft  and  Noyes  two  major 
revisions  were  made  to  the  goals  as  originally  submitted:  1 )  studies  specifically  dealing  with  potential 
autoimmune  mechanisms  of  HIV-1  pathogenesis  were  deemed  not  to  be  of  sufficient  interest  and  were 
therefore  omitted,  2)  studies  on  the  in  vitro  effects  of  the  drug  Cyclosporine  A  on  HIV-1  growth  were 
deemphasized  on  the  basis  of  newly  available  data  indicating  that  Cyclosporine  A  had  no  apparent 
clinical  role  in  the  management  of  HIV-1  infection. 

b.  Amended  Goals.  We  have  amended  our  research  goals  in  keeping  with 
progress  in  the  field  and  the  unique  resources  available  to  us  though  our  involvement  in  the  Johns 
Hopkins  Marrow  Transplantation  Program  and  Hopkins-based  cohort  studies  of  the  natural  history  of  HIV 
infection.  These  revised  goals  are  faithful  to  the  original  intent  of  the  proposal  in  that  they  are  directed 
toward  an  understanding  of  interactions  of  HIV-1  and  the  hematopoietic  system  and  toward  the 
establishment  of  immunologic  markers  of  disease  progression.  These  goals  were  discussed  in  detail  with 
our  project  officer.  Dr.  Peter  Gomatos,  at  our  site  visit  of  April,  1 989. 


V.  CONCLUSIONS 

A.  Summary  of  implications 

1 .  Newly  adapted  marrow  culture  techniques  provide  improved  experimental  capabilities. 
The  adaptation  of  the  Teflon  culture  system  to  bone  marrow  growth  has  provided  a  means  to  obtain 
quantitative  recovery  of  cells  of  the  monocyte  macrophage  lineage  that  have  differentiated  in  bone 
marrow  cultures.  These  were  difficult  to  recover  using  other  methods  owing  to  their  adherent 
properties.  The  adaptation  of  a  quantitative  assay  of  precursor  growth  by  limiting  dilution  analysis  has 
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provided  a  powerful  method  to  assess  cloning  efficiency  and  to  isolate  cells  that  are  the  progeny  of  a 
single  progenitor  cell. 

2.  Development  of  an  inexpensive  p24  assay.  We  have  determined  optimal  conditions 
for  a  p24  antigen  capture  assay  using  widely  available  inexpensive  reagents.  Although  sensitive  and 
specific  assay  kits  are  commercially  available,  these  cost  up  to  $20  per  individual  test.  Our  assay 
compares  favorably  in  sensitivity  with  the  Abbott  test  and  costs  approximately  $7  per  96  replicates. 

3.  Bone  marrow  progenitor  cells  can  be  infected  with  HIV-I .  Our  early  results  indicate 
that  monocytes  arising  from  cultured  monocyte/lymphocyte  depleted  bone  marrow  express  HIV-1 
mRNA.  These  data  suggest  that  a  cell  developmentally  earlier  than  an  identifiable  monocyte  was 
infected  at  the  initiation  of  culture  and  that  viral  expression  occurred  concomitantly  to  differentiation. 
These  results  must  be  interpreted  with  caution,  however,  since  contamination  of  the  initial  cell  inoculum 
with  very  small  numbers  of  monocytes  (and  subsequent  spread  to  newly  differentiated  cells)  could 
potentially  explain  these  results. 

4.  HIV-1  exerts  minimal  effect  on  progenitor  cell  growth  and  function  of  progeny. 
Colony  forming  efficiency  and  proliferative  capacity  of  purified  (C034  ^ )  progenitor  cells  were  only  mildly 
reduced  when  progenitor  cells  were  incubated  with  virus  prior  to  culture.  Mature  monocytes  derived 
from  infected  progenitor  cells  were  able  to  present  antigen  to  autologous  monocyte  depleted 
lymphocytes. 


S.  Adoptive  transfer  of  donor  immunity  and  transient  disappearance  of  virus  in  HIV-f 
bone  marrow  transplant  recipients.  A  total  of  6  patients  were  transplanted.  Recipients  of  allogeneic 
grafts  (n  =  3)  had  HIV  related  lymphomas;  recipients  of  syngeneic  grafts  (n  »  3)  were  without  malignancy 
and  had  seronegative  identical  twin  donors.  Adoptive  transfer  of  donor  immunity  was  assessed  by 
boosting  marrow  donors  with  tetanus  and  diphtheria  toxoids  one  week  prior  to  marrow  harvest,  and 
immunizing  recipients  with  tetanus  toxoid  on  the  day  of  transplant.  Adoptive  transfer  and  reconstitution 
of  humoral  and  cell  mediated  (lymphoproliferative)  responsiveness  to  tetanus  toxoid  were  observed  in 
all  subjects.  The  use  of  AZT  before  during  and  after  transplant  did  not  interfere  with  the  tempo  of 
engraftment.  Our  virological  results  were  encouraging,  but  clearly  the  goal  of  HIV-1  eradication  was 
not  achieved.  It  must  be  noted  that,  prior  to  therapy,  virus  was  easily  recovered  from  the  peripheral 
blood  of  all  patients,  and  all  had  greatly  reduced  CD4  counts  (50-2(X)/mm’)  at  the  initiation  of  therapy. 
Allogeneic  BMT  resulted  in  reduction  of  virus  burden  to  the  extent  that  virus  could  not  be  detected  (by 
PCR  or  cocultivation)  for  6  to  1 2  weeks.  As  far  as  we  are  aware,  no  other  therapeutic  modality  has  been 
able  to  totally  eclipse  the  virus  for  any  length  of  time.  In  syngeneic  BMT  treatment  failed  to  ablate  virus. 
This  could  be  due  to  several  factors  including  the  use  of  a  busulfan/cytoxan  regimen,  which  is 
demonstrably  less  immunoablative  than  cytoxan/total  body  irradiation;  2)  the  absence  of  a  graft-versus- 
virus  effect  analogous  to  the  well  documented  graft-versus-leukemia  effect;  3)  greater  virus  burden  in 
these  patients,  who  by  our  study  entry  criteria  had  more  advanced  HIV-1  disease  than  the  patients  with 
HIV-1  related  lymphomas. 

Future  studies  will  concentrate  on  allogeneic  BMT  for  patients  with  HIV  related  malignancies.  Areas  for 
refinement  of  the  procedure  include  the  inclusion  of  HIV  specific  immunization  in  the  regimen,  the  use 
of  combined  antiviral  regimens  (AZT  plus  ODI). 
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6.  SCID/Hu  model  for  adoptive  transfer  of  HIV-1  specific  responses.  In  collaborative 
studies  with  Dr.  Richard  Markham,  we  were  able  to  determine  that  SCID  mice  reconstituted  with  human 
lymphocytes  could  accurately  reproduce  the  results  obtained  in  human  marrow  transplant  patients,  and 
therefore  serve  as  a  valid  model  for  future  experiments  exploring  transfer  of  HIV-1  specific  responses. 
Our  results  indicated  that:  1)  Hu  PBL/SCID  chimeric  mice  could  not  generate  a  primary  antibody 
response  to  a  novel  antigen  (SRBC);  2)  Adoptive  transfer  of  secondary  antibody  responses  depend  on 
both  the  donor  immune  status  and  require  early  recipient  immunization  (<  day  35)  for  optimal 
responses;  3)  Titers  achieved  in  optimally  immunized  chimeric  SCID  mice  equaled  those  observed  in  high 
the  boosted  human  donor;  and  4)  This  model  system  may  be  of  use  in  characterizing  adoptive  transfer 
of  HIV-1  specific  responses,  an  area  of  importance  to  the  development  of  bone  marrow  transplantation 
as  anti-retroviral  therapy.  These  data  were  presented  at  the  6th  International  AIDS  conference. 

7.  Regulation  of  lymphocyte  populations  in  HIV-1  infection.  In  collaboration  with  the 
other  MACS  centers,  we  have  analyzed  the  relation  among  changes  in  several  lymphocyte  populations 
after  seroconversion  to  HIV-1 .  In  our  initial  studies,  we  found  that  in  the  first  year  after  seroconversion, 
the  positive  change  in  CDS  lymphocytes  was  proportionately  greater  than  the  negative  change  in  CD4 
lymphocytes  (Margolick  et  al,  1 990).  On  further  analysis,  it  was  apparent  that  these  changes  were  quite 
dependent  on  the  magnitudes  of  changes  in  several  different  lymphocyte  populations,  including  not  only 
the  predominant  CD4  and  CDS  T  lymphocyte  subsets,  but  also  non-T  lymphocytes.  Therefore,  we 
analyzed  changes  in  all  of  these  lymphocyte  populations,  as  well  as  changes  in  non-lymphocyte 
(granulocyte  and  monocyte)  populations. 

a.  T  cells.  With  respect  to  T  lymphocytes,  the  data  show  that  despite  the  familiar 
dramatic  changes  in  CD4  and  CDS  T  lymphocyte  subsets,  total  (CD3)  T  lymphocytes  decrease  only 
slightly  (figure  12).  Specifically,  the  changes  in  total  T  cells  in  the  first  18  months  after  HIV-1 
seroconversions  is  much  smaller  than  the  changes  in  CD4  or  CDS  lymphocytes,  and  after  1 8  months 
total  T  cells  remain  constant  despite  continuing  changes  in  CD4  and  CDS  cells.  These  data  suggest  a 
regulatory  mechanism  that  maintains  constant  numbers  of  CD3  lymphocytes  in  the  face  of  loss  of  CD4 
cells.  They  also  suggest  that  the  rise  in  CDS  lymphocytes  is  part  of  a  compensatory  response  to  loss 
of  CD4  cells,  rather  than  a  specific  anti-HIV  response.  Thus,  regulatory  mechanisms  are  likely  to  be  at 
work  when  seroconversion  occurs,  and  we  will  soon  be  initiating  studies  to  identify  the  newly  produced 
T  lymphocytes  that  would  be  expected  if  this  is  true.  These  data  have  been  accepted  for  publication 
(J.  Aids,  in  press,  1992). 

b.  Non-T  lymphocytes.  The  above  analysis  also  demonstrated  that  a  decrease 
occurs  in  non-T  (CD3')  lymphocytes,  defined  as  [total  lymphocytes]  -  [CD3  lymphocytes).  Of  note,  this 
decrease  in  non-T  cells  parallels  that  in  CD4  lymphocytes,  in  that  it  is  relatively  rapid  in  the  first  1 8 
months  after  seroconversion  and  continues  more  slowly  thereafter.  Since  non-T  lymphocytes  are  not 
infected  with  HIV  to  any  significant  extent  in  HIV^  individuals,  the  most  probable  explanation  for  this 
finding  is  the  existence  of  another  regulatory  mechanism  that  is  perturbed  by  HIV-1  infection.  These 
data  are  also  quite  consistent  with  the  lower  levels  of  NK  cells  in  HIV-1  individuals  that  we  described 
above. 


c.  Potential  importance  of  lymphocyte  subset  regulatory  mechanisms  in  HIV-1 
infection.  Recognition  of  the  possible  regulatory  basis  for  the  lymphocyte  subset  changes  described 
above  is  important  because  it  may  help  to  clarify  whether  these  changes  are  helpful  or  harmful  with 
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respect  to  pathogenesis  of  immune  deficiency,  and  whether  alternative  approaches  to  therapy  might  be 
appropriate.  For  example,  it  could  be  hypothesized  that  if  a  constant  number  of  circulating  CD3  cells 
is  maintained  physiologically,  removal  of  COS  cells  might  stimulate  the  production  of  new  CD4  cells. 
The  existence  and  specificity  of  such  regulatory  phenomena  is  supported  by  the  occurrence  of  certain 
nonspecific  phenomena,  such  as  the  nonspecificity  of  elevations  in  all  circulating  leukocyte  populations 
due  to  cigarette  smoking,  which  we  have  demonstrated  in  a  separate  collaboration  with  MACS. 

8.  Analysis  of  T-  and  non-T  lymphocyte  populations  in  couples  discordant  for  HIV-1. 
Among  the  SHARE  (Baltimore  MACS)  cohort  there  are  a  number  of  couples  involved  in  sexual 
relationships,  in  which  one  member  of  the  couple  is  HIV^  and  the  other  is  HIV'.  The  seropositivity  and 
seronegativity  of  the  various  individuals  have  been  repeatedly  confirmed  by  ELISA,  Western  blot,  PCR, 
and  viral  culture,  in  studies  performed  within  SHARE  and  not  shown  here.  It  was  also  shown  by 
questionnaire  that  the  couples  were  engaged  in  activities  that  could  spread  the  virus,  such  as 
unprotected  anal  insertive  or  receptive  intercourse. 

Analyses  were  performed  to  determine  whether  there  were  differences  between  the  seropositive 
members  of  the  discordant  couples,  and  other  seropositives  in  SHARE,  and  also  whether  there  were 
differences  between  the  seronegative  members  of  the  discordant  couples  and  other  seronegatives.  36 
discordant  and  24  concordant  couples  were  studied.  We  found  that  there  were  no  differences  between 
the  two  groups  of  seropositives,  and  the  seronegatives  did  not  differ  with  respect  to  absolute  numbers 
of  circulating  CD4  lymphocytes.  Discordant  and  concordant  seronegatives  also  did  not  differ  with 
respect  to  yd  T  cells  (69  ±  40  (SD)  vs  81  ±  37  cells/mm^,  respectively)  or  natural  killer  cells  (246  ± 
176  vs  231  ±  125  cells/mm^  respectively).  Interestingly,  there  was  a  slightly  higher  absolute  number 
of  circulating  COS  lymphocytes  in  the  seronegative  discordants  than  in  the  seronegative  concordants 
at  the  initiation  of  the  study  (734  vs  592  cells/mm^,  respectively),  although  this  was  not  statistically 
significant  (p = 0.09)  and  did  not  persist  throughout  the  one-year  followup  period  of  the  study.  The  data 
suggest  that  CDS  lymphocyte  numbers  may  be  useful  as  an  indicator  of  exposure  to  HIV-1 ,  and/or  in 
host  defense  against  the  virus.  The  results  to  date  have  been  submitted  for  publication  (appendix  D), 
and  further  studies  to  characterize  the  functions  of  the  CDS  lymphocytes  in  these  individuals  have  been 
initiated  on  the  basis  of  these  results. 

9.  Software  and  hardware  for  acquisition  and  analysis  of  flow  cytometric  data.  Due  to 
limitations  in  the  hardware  and  software  on  the  EPICS  C  flow  cytometer  in  the  SHARE  laboratory,  we 
were  unable  to  store  flow  cytometric  data  for  listmode  analysis  or  perform  analyses  while  data  were 
being  acquired.  Hardware  and  software  to  perform  some  of  these  functions  to  a  limited  extent  were 
available  from  Coulter  Corporation,  but  were  prohibitively  expensive.  In  an  attempt  to  provide  these 
functions  for  maximum  flexibility  in  data  acquisition  and  analysis  at  a  reasonable  and  affordable  cost, 
we  collaborated  with  Robert  Vogt  and  Dorn  Hetzel  at  Centers  for  Disease  Control  and  others  in  the 
development  and  implementation  of  1 )  a  hardware  interface  to  the  EPICS  C  and  2)  a  version  of  operating 
software  (called  "Acmecyte")  that  could  be  used  for  downloading  raw  data  from  the  C  to  a  more 
powerful  and  cost-effective  personal  computer.  This  project  was  also  part  of  the  development  of  the 
Center  for  AIDS  Research  (CFAR)  at  Johns  Hopkins  University 

With  USAMRUD  support,  we  were  able  to  test  the  hardware  software  interface  we  implemented 
on  a  wide  panel  of  monoclonal  antibodies.  The  goal  of  these  experiments  was  to  validate  the  system 
we  had  installed  on  the  EPICS  C  so  that  we  could  use  it  exclusively  To  do  this,  we  split  the  electronic 
impulses  generated  by  each  cell  as  it  passed  through  the  flow  cell  and  the  laser  beam  of  the  flow 
cytometer,  so  that  the  impulses  generated  could  be  processed,  stored,  and  analyzed  by  both  the  EPICS 
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software  and  the  Acmecyte  software.  Thus,  we  performed  what  we  believe  is  the  first  side-to-side 
comparison  of  two  systems  for  acquiring  and  analyzing  the  same  flow  cytometric  raw  data.  The  results 
showed  excellent  agreement  between  the  two  systems  (figure  13),  though  the  Acmecyte  system  was 
much  more  powerful  for  all  aspects  of  data  acquisition,  storage,  and  analysis.  This  study  is  now  in  press 
in  Cytometry.  A  copy  of  the  preprint  is  attached  (appendix  E).  Based  on  these  results,  we’  now  use  the 
Acmecyte  system  for  all  our  flow  cytometric  studies  done  in  one  or  two  colors. 

10.  HIV-1  infection  is  associated  with  changes  in  minor  T  cell  subsets.  In  initial  studies, 
we  showed  that  SHARE  participants  (homosexual  or  bisexual  men  in  the  Baltimore-Washington  area, 
whose  HIV-1  serostatus  is  tested  every  six  months  as  part  of  the  Multicenter  AIDS  Cohort  Study 
(MACS))  who  were  HIV-1  had  higher-numbers  of  CD3*CD4'CD8'  (double  negative,  or  DN)  T  cells,  as 
calculated  according  to  the  formula  C03  -  [CD4  -t-  CDS).  These  studies  were  carried  out  using  the 
measurements  previously  obtained  of  C03,  CD4,  and  CDS  positive  cells  in  SHARE  participants.  Next, 
with  the  support  of  the  present  contract,  we  studied  serial  results  from  SHARE  seroconverters  and  found 
that  seroconversion  with  respect  to  HIV-1  was  associated  with  an  increase  in  the  calculated  DN  cells. 
Finally,  these  studies  were  subsequently  confirmed  and  extended  in  the  entire  MACS  seroprevalent, 
seronegative,  and  seroconverter  cohorts:  data  from  this  MACS-wide  study  were  published  (Margolick 
et  al,  1989).  These  studies  showed  that  seroconversion  to  HIV-1  was  associated  with  a  rise  of 
approximately  60  cells/mm^  in  the  number  of  calculated  DN  lymphocytes,  and  this  difference  continued 
to  increase  over  the  first  three  years  of  HIV-1  infection  (as  defined  by  seropositivity). 

Next,  we  asked  whether  the  absolute  rise  in  calculated  CD3  -  [CD4  +  CD8]  cells  was  due  to  a 
decrease  in  CD3'CD8  ^  natural  killer  cells,  or  an  increase  in  a  newly  recognized  class  of  T  cells  expressing 
the  CD3*CD4'CD8'  phenotype  (i.e.,  true  "double  negative”,  or  DN  T  cells).  For  these  studies, 
seropositive  and  seronegative  members  of  the  SHARE  cohort  were  analyzed  to  determine  the  effects 
of  seropositivity  with  respect  to  HIV-1.  The  studies  were  carried  out  by  flow  cytometry  using 
monoclonal  antibodies  defining  the  natural  killer  (NK)  lymphocyte  subset  (CD3'CD56*)  and  the  y6  T  cell 
subset  (TCR<f-1  *).  True  DN  (CD3''CD4'CD8')  T  cells  were  measured  using  two-color  flow  cytometry  by 
adding  to  a  single  specimen  anti-CD3  antibody  conjugated  to  fluorescein  isothiocyanate  (FITC)  and  anti- 
CD4  and  anti-CD8  antibodies  both  conjugated  to  phycoerythrin  (PE). 

Our  results  (table  5)  indicated  that  the  rise  in  calculated  DN  was  attributable  to  both  a  rise  m  true 
DN  T  cells  and  a  fall  in  NK  cells,  with  the  latter  effect  predominating.  The  rise  in  DN  T  cells  correlated 
closely  with  a  rise  in  T  cells  expressing  the  yS-T  cell  antigen  receptor  (TCR),  especially  those  yi-T  ceMe 
which  also  express  low  density  CD8.  These  results,  some  of  which  have  been  described  in  previous 
progress  reports,  have  also  been  published  (Margolick  et  al,  1991;  manuscript  appended  ). 

The  preceding  results  indicated  that  T  cells  expressing  the  yS  T  cell  receptor  are  increased  m 
seropositives  as  compared  to  seronegatives.  This  conclusion  was  supported  by  preliminary  data 
showing  an  increase  in  T  cells  staining  with  the  monoclonal  antibodies  TCS-1  and  TCRd-1.  which 
recognize  some  or  all  6  receptor  chains,  respectively.  These  studies  have  been  continued  and  expanded 
Results  demonstrating  a  30%  increase  in  the  geometric  mean  number  of  T  cells  expressing  the  6  cham 
have  now  been  published,  as  noted  above.  Most  of  this  increase  was  attributable  to  an  increase  m  ce>s 
co-expressing  low  levels  of  CD8,  statistically  significant  at  the  level  of  p  =  0.009.  The  meaning  of  this 
increase  is  still  under  investigation,  but  it  could  represent  an  increase  in  precursor  T  cells,  cells  exerting 
anti-HIV  activity,  or  an  epiphenomenon  related  to  HIV-1  infection  but  not  representing  a  specific  host 
response  to  the  infection.  We  are  currently  investigating  the  specific  subsets  of  yS  ceils  that  are 
increased  in  HIV*  SHARE  participants,  and  the  relation,  if  any,  between  numbers  of  these  ceMs  and 
numbers  of  CD4  lymphocytes.  Very  preliminary  data  suggest  that  a  high  number  of  y6  cells  may  be 
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associated  with  a  high  CD4  count  (figure  7),  but  more  data  are  needed  to  confirm  this.  If  confirmed,  this 
finding  would  be  consistent  with  either  the  production  of  new  CD4  cells  in  direct  relation  to  the  number 
of  y6  cells,  or  with  a  role  for  y6  cells  in  anti-HIV  host  defense. 

1 1 .  HLA-DR  expression  appears  to  be  withai  normal  limits  on  monocytes  from  HIV-1 
infected  individuals.  Although  the  possibility  of  changes  within  individuals  over  time  has  not  been  ruled 
out,  this  important  component  of  the  immune  system  appears  to  be  relatively  unaffected  by  HIV 
infection. 


12.  The  proportion  of  activated  (CD38'^  or  HLA-OR'*^)  T  lymphocytes  in  the  blood  and 
cerebrospinal  fluid  of  HIV-infected  homosexual  men  are  indistinguishable.  Results  of  our  initial  studies 
were  corroborated  in  a  series  of  32  CSF/peripheral  blood  paired  samples.  Our  previous  collaborations 
with  Dr.  Justin  McArthur  and  the  other  investigators  and  staff  of  the  Neuropsychologic  study  of  MACS 
have  developed  and  applied  a  flow  cytometric  method  for  the  analysis  of  paired  specimens  of  peripheral 
blood  and  cerebrospinal  fluid  (CSF) .  Specifically,  the  method  we  have  used  for  flow  cytometric  analysis 
of  peripheral  blood  lymphocytes  was  adapted  so  that  CSF  could  be  analyzed  using  the  flow  cytometer, 
leading  to  greater  precision  in  such  analyses.  Most  of  the  individuals  studied  have  been  members  of 
SHARE.  We  reported  an  extremely  close  correlation  between  the  proportions  of  CDS  * ,  CD4  * ,  and  CDS 
lymphocytes  in  peripheral  blood  and  CSF  (Margolick  et  al,  1 988),  and  are  now  in  the  final  stages  of  a 
followup  study  addressing  the  question  of  whether  there  is  an  increased  proportion  of  activated  T  cells 
among  the  lymphocytes  in  the  CSF  in  HIV-seropositive  homosexual  men. 

By  double-staining  lymphocytes  with  T  cell  markers  and  the  lymphocyte  activation  markers 
CD38  and  HLA-DR,  we  analyzed  CSF  and  peripheral  blood  from  33  individuals,  including  1 7  from 
SHARE.  Surprisingly,  we  again  found  that  the  proportions  of  activated  CD4*  and  CDS*  T  lymphocytes 
were  virtually  identical  in  the  blood  and  CSF  for  both  putative  activation  markers,  within  both  CD4  and 
CDS  T  cell  subsets,  as  shown  in  figure  1 4  for  HLA-DR  in  combination  with  CDS.  This  result  was  true 
for  HIV*  individuals  with  no  neurologic  findings,  those  with  nonspecific  neurologic  abnormalities,  and 
also  for  individuals  with  no  HIV  infection.  We  are  currently  testing  individuals  with  HIV-related 
manifestations  of  the  central  nervous  system,  such  as  dementia  or  opportunistic  infections  of  the  central 
nervous  system.  At  present,  the  available  data  strongly  suggest  that  monitoring  of  T  cell  markers  in  the 
CSF  is  not  prognostically  useful  in  terms  of  adding  information  that  could  not  be  obtained  from  analysis 
of  peripheral  blood  lymphocytes.  However,  it  should  be  kept  in  mind  that  this  could  change  when  HIV* 
individuals  with  advanced  disease  are  studied.  When  enough  such  subjects  have  been  studied,  these 
results  will  also  be  prepared  for  publication. 

In  view  of  the  lack  of  prognostic  usefulness  of  T  cell  markers  in  the  CSF  so  far,  we  plan  to  initiate 
studies  aimed  at  characterizing  the  B  cells  in  the  CSF.  These  cells  are  of  interest  in  view  of  the  increased 
incidence  of  B  cell  lymphomas  in  the  central  nervous  system  (CNS)  of  individuals  with  HIV-1  infection. 
The  markers  of  interest  will  be  markers  of  B  cell  activation,  based  on  the  hypothesis  that  these  B  ceil 
lymphomas  develop  from  activated  B  cells.  It  will  therefore  be  important  to  know  whether  B  cells  in  the 
CSF  are  activated  compared  to  those  in  the  peripheral  blood. 

13.  IL-2  responsive  cells  decline  ki  number  and  individual  proliferative  capacity  with 
progression  of  HIV  infection.  OurpreviousstudiesofTlymphocyteproliferativeresponsesattheclonal 
(single-cell)  level  showed  that  the  number  and  function  of  T  cells  declined  through  the  course  of  HIV-1 
infection,  as  indicated  in  a  cross-sectional  study  (Donnenberg  et  al,  1 989).  Specifically,  we  found  that 
in  the  early  stages  of  HIV  infection,  the  number  of  interleukin  2  (IL-2)  responsive  cells,  as  reflected  in 
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the  number  of  proliferating  cells,  was  reduced  in  HIV*  individuals  as  compared  to  HIV'  individuals,  but 
that  the  response  on  a  per  cell  basis  was  not  different.  In  contrast,  in  individuals  with  AIDS  both  the 
number  and  quantitative  response  per  cell  were  reduced  compared  to  HIV  individuals.  Therefore,  further 
studies  were  carried  out  to  address  the  mechanism  of  these  differences,  and  whether  they  had 
prognostic  value  for  the  progression  of  HIV-1  infection. 

1 4.  Exogenous  rlL2  does  not  fully  reconstitute  proliferative  response  of  cells  from  HI V  + 
donors,  possibly  due  to  reduction  of  high  affinity  IL2R  expression.  To  determine  whether  receptors  for 
IL-2  are  abnormal  in  PBMC  from  HIV-1  infected  individuals,  we  have  used  several  approaches.  We  first 
verified  that  the  cells'  responsiveness  was  not  changed  by  the  addition  of  IL-2,  PHA,  or  both  to  the 
limiting  dilution  cultures  (Chopra  et  al,  1990).  Next,  we  analyzed  the  subunit  expression  of  the  IL-2 
receptor  on  lymphocytes  from  HIV*  donors.  Using  a  variety  of  methods  for  quantifying  expression  of 
both  the  a  and  p  subunits  of  this  receptor,  we  have  found  that  both  subunits  are  expressed  in  stimulated 
T  cells  from  HIV-1  seropositive  individuals,  and  that  the  receptors  expressed,  although  decreased  in 
number,  appear  to  be  normal  in  structure. 

HIV  *  homosexual  men  in  the  present  study  showed  significantly  decreased  ^H-TdR  incorporation 
(p  <  0.006)  in  response  to  PHA  stimulation  in  72  h  cultures.  The  geometric  mean  ^H-TdR  incorporation 
( ±  SEM)  in  15  donors  in  each  group  was  1 1,940  (10186,  13996)  in  HIV  and  6442  (5623,  7379)  in 
HIV*.  As  shown  in  figure  15,  the  proliferative  response  of  cells  from  22  HIV'  and  HIV*  donors  was 
augmented  by  the  addition  of  exogenous  IL2  (HIV,  mean  difference  =  49,556  cpm,  p  <  0.001 ;  HIV*, 
28,008  cpm,  p  <  0.001 ,  paired  t-test).  However,  even  in  the  presence  of  IL2,  cells  from  HIV*  donors 
showed  a  proliferative  response  that  was  significantly  lower  than  that  of  similarly  treated  cells  from  HIV' 
donors  (p  <  0.001 ).  To  evaluate  the  possibility  of  an  insufficient  expression  of  high  affinity  IL2R,  the 
binding  of  '^^l-IL2  to  IL2R  was  studied.  The  high  affinity  IL2R  were  significantly  reduced  on  cells  from 
HIV*  donors  as  compared  to  the  HIV  donors  (figure  16,  median  IL2R  per  cell  -  2885  in  HIV  and  924 
in  HIV*;  P  <  0.031,  Kruskal-Wallis  rank  order  test).  Although  there  appeared  to  be  a  relationship 
between  IL2  mediated  augmentation  of  proliferation  and  IL2R  expression  (figure  1 6C),  in  two  cases  of 
HIV*  donors  there  was  reduction  of  the  proliferative  response  despite  elevated  levels  of  high  affinity 
IL2R  expression. 

15.  IL2R  a.  fi  and  TGF-iJ,  mRNA  expression  in  unstimulated  or  PHA  activated  PBMC. 
Attempts  to  quantify  expression  of  IL2R  fi  on  PHA  stimulated  lymphocytes  by  flow  cytometry  showed 
no  consistent  differences  between  cells  from  12  HIV  and  14  HIV*  donors  in  5  separate  experiments 
(figure  10).  Only  weak  staining  with  anti-IL2R  ^antibody  was  observed,  which  probably  reflects  a  low 
level  of  IL2R  fi  expression  per  cell  in  both  groups  (Ohasi  et  al,  1 989;  Takeshita  et  al,  1 989;  Yagita  et  al, 
1 989;  Phillips  et  al,  1 989),  thus  limiting  the  accurate  assessment  of  IL2R  fi.  Therefore,  we  examined 
relative  expression  of  the  IL2R  a  and  fi  subunits.  For  these  experiments,  '^*I-IL2  was  covalently  cross- 
linked  to  its  receptors  and  the  relative  expression  of  IL2R  a  and  fi  subunits  was  determined  by  SDS- 
P  AG  E/autoradiography.  Both  IL2Ro  and  ^chains  were  present  in  cells  from  all  HIV' and  HIV*  individuals 
studied  (figure  17),  and  the  degree  to  which  these  subunits  were  expressed  appeared  to  be  strongly 
interrelated  as  demonstrated  by  the  ratio  of  alfi  expression  in  both  groups  of  donors  (figure  1 7B). 

One  possible  mechanism  for  decreased  responsiveness  to  IL-2  could  be  overproduction  of  the 
cytokine  transforming  growth  factor-/?  (TGF-^,  which  has  been  reported  to  reduce  lymphocyte 
responsiveness  to  IL-2,  possibly  through  a  negative  effect  on  the  expression  of  IL-2  receptors.  Indeed, 
overproduction  of  TGF-^  was  recently  reported  by  Kekow  et  al  who  studied  individuals  with  HIV-1 
infection  (1990).  However,  we  have  obtained  data  that  do  not  agree  with  this  report.  We  studied  TGF- 
/?,  and  IL2R  mRNA  expression  in  PHA  stimulated  and  unstimulated  PBMC.  Figure  1 1  shows  a  typical 
Northern  blot  pattern  for  24  h  PHA  stimulated  cells  from  7  HIV  and  7  HIV*  individuals.  As  shown  by 
the  densitometric  analysis,  TGF-fi,  mRNA  was  not  expressed  at  higher  amounts  in  the  HIV*  compared 
to  the  HIV'  donors  {  p  <  0.23,  figure  18A).  However,  there  was  a  significant  reduction  in  the 
expression  of  IL2R  a  (p  <  0.006,  figure  18B)  and^  (p  <  0.02,  figure  180  mRNA  in  HIV*.  However 
as  shown  by  densitometric  analysis  in  figure  1 8A  and  B,  TGF-/?,  and  IL2R  fi  mRNA  expression  were  not 
significantly  different  for  unstimulated  cells  from  HIV  and  HIV  *  donors.  Furthermore,  IL2R  o  mRNA  was 
not  detected  in  unstimulated  cells.  We  considered  the  possibility  that  cells  from  HIV*  individuals  may 
express  more  TGF-fi  receptors  or  could  produce  higher  concentrations  of  active  TGF-/?.  To  examine  this 
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possibility,  cells  were  stimulated  with  PHA  in  the  presence  of  TGF-/9,  antibody  or  control  antibody.  As 
shown  in  table  8,  TGF-0^  antibody  had  no  effect  on  the  proliferative  response  of  cells  cultured  in  the 
presence  or  absence  of  rlL2  when  used  at  a  concentration  that  neutralized  up  to  10  ng  per  ml  TGF-;91 . 

Thus,  production  of  TGF-/9  by  either  stimulated  or  unstimulated  PBMC  from  HIV  individuals  was 
not  elevated  compared  to  PBMC  from  healthy  controls  (HIV-1 -seronegative  gay  men  from  SHARE). 
These  data  suggest  that  the  mechanism  of  decreased  lymphocyte  proliferation  in  HIV*  individuals  may 
not  be  due  to  overproduction  of  TGF-^  and  thus  remains  unexplained.  All  of  these  studies  have  been 
submitted  for  publication  (see  appendix). 
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VII.  APPENDICES 
Appendix  A.  Figure  Legends. 

Figure  1 .  In  situ  hybridization  for  detection  of  HiV-1  GAG  mRNA.  Box  plots  show  the  distribution  of 
grains  in  positive  cells.  Monocyte  depleted  BM  was  infected  with  3  different  clinical  isolates  of  HIV-1 
and  processed  after  1 4  days  in  culture.  The  majority  of  positive' cells  were  morphologically  identifiable 
as  macrophages.  A  tew  cells  of  blast  morphology  also  evidenced  grains.  Data  are  summarized  in 
notched  box  plots  which  indicate  median  values  (waist),  simultaneous  95%  confidence  intervals  about 
the  medians  (span  of  notch),  interquartile  range  (bottom  to  top  of  box)  and  extreme  values  (bars) 
exclusive  of  outliers.  Outliers  are  defined  as  data  points  more  than  1.5  times  the  interquartile  range 
beyond  the  top  or  bottom  of  the  box  and  are  plotted  individually  as  asterisks. 

Figure  2.  Effect  of  HIV-1  infection  on  the  growth  of  purified  CD34  +  progenitor  cells. 

Figure  3.  Tetanus  specific  antibody  was  measured  by  ELISA  before  and  at  weekly  intervals  after  BMT. 
Marrow  donors  (data  not  shown)  were  boosted  7-10  days  prior  to  marrow  harvest;  recipients  were 
immunized  on  the  day  of  transplant.  Both  patients  evidenced  a  greater  than  4-fold  increase  in  titer. 
From  previous  studies  in  HIV  seronegative  BMT  recipients  we  would  expect  anti-tetanus  titer  to  decline 
4-16  fold,  in  the  absence  of  immunization. 

Figure  4.  Tetanus  specific  lymphoproliferative  responses  as  measured  by  thymidine  uptake  after  5  days 
in  culture  with  antigen.  In  the  absence  of  adoptive  transfer  of  immunity,  we  expect  from  our  previous 
studies  that  tetanus  would  not  elicit  a  significant  in  vitro  response  (>1000  CPM). 

Figure  5.  Use  of  2  color  immunofluorescent  staining  to  detect  CD3  positive  CD4-,  CD8- 
T  cells  (lower  right  quadrant).  These  cells  represent  3%  of  the  total  lymphocytes. 

Figure  6.  Scattergram  of  relationship  between  absolute  numbers  of  NK  cells  and  CD4*  lymphocytes  in 
HIV-1  seronegative  subjects  (open  circles)  and  HIV-1  seropositive  subjects  (closed  circles).  Line 
represents  distance  weighted  least  squares  curvefit. 

Figure  7.  Plot  of  absolute  number  of  CD4  lymphocytes  per  mm3  in  1 5  seropositive  SHARE  participants, 
divided  into  two  groups  according  to  whether  the  individual  had  more  or  fewer  than  60  dTCS-1  +  ytf  T 
cells  per  mm3  of  peripheral  blood. 

Figure  8.  Scattergram  of  absolute  number  of  NK  cells  (CD3-CD56  +  lymphocytes)  vs.  number  of  non-T 
lymphocytes  (C03-  lymphocytes)  per  mm3  of  peripheral  blood.  Data  shown  are  from  252  seropositive 
SHARE  participants.  The  line  is  the  distance-weighted  least  squares  regression  line,  showing  that  the 
relationship  is  linear  even  when  it  is  not  forced  to  fit  a  linear  model.  The  correlation  coefficient  was 
0.49. 

Figure  9.  Pokeweed  mitogen  induced  lymphoproliferative  responses  as  a  function  of  time  after 
seroconversion.  Thymidine  uptake  was  measured  after  5  days  in  culture.  Solid  line  indicates  distance 
weighted  least  squares  curvefit. 

Figure  1 0.  Representative  histograms  of  the  fluorescence  distribution  of  IL2R/9  on  PHA  stimulated  PBL 
from  2  HIV-  (left)  and  2  HIV  +  (right)  individuals.  Shown  are  histograms  from  two  donors  with  strong 
IL2Rj9  fluorescence  (top)  and  two  with  weak  IL2FV9  fluorescence  (bottom).  For  each  case  stained  and 
control  histograms  are  superimposed,  with  the  left  peak  representing  lymphocytes  stained  with  an 
isotype  control  antibody  and  the  right  peak  lymphocytes  stained  with  anti-IL2R^  antibody  (TU27)  as  the 
first  antibody.  In  most  cases,  a  large  population  of  positively  stained  lymphocytes  was  seen  but  could 
not  be  accurately  quantified  due  to  overlap  with  the  unstained  lymphocytes.  Similar  patterns  of 
fluorescence  were  seen  in  a  total  of  1 5  HIV-  and  1 5  HIV  +  individuals. 
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Figure  1 1 .  Northern  blot  analysis  of  TGF-/81 ,  IL2R  a  and  $  mRNA  from  24  hrs  PHA  stimulated  cells  from 
HIV-  and  HIV-t-.  Total  cellular  RNA  was  extracted  by  lysing  the  cells  in  RNAzol.  Following 
electrophoresis  on  1  %  formaldehyde  denaturing  gel  and  capillary  transfer  to  nitrocellulose  membrane, 
the  blots  were  hybridized  with  32P-labeled  cDNA  probe  prepared  by  the  random  primer  method.  The 
blots  were  first  hybridized  with  cONA  probe  specific  for  human  TGF-^1.  After  developing  the 
autoradiograms,  the  TGF-/91  cDNA  probe  was  stripped  off  and  the  IL2R  a  mRNA  was  probed  with  32P- 
labelled  IL2R  a  cDNA.  Finally,  after  the  IL2R  a  probe  was  stripped  off,  the  IL2R  and  actin  mRNA  were 
probed  by  using  32P-labeled  IL2R  P  and  actin  cDNA. 


Figure  1 2.  Changes  in  geometric  mean  numbers  of  lymphocytes  per  mm3  in  MACS  seroconverters  as 
a  function  of  time  intervals  (in  months)  s' '  ';e  ser  .conversion.  Points  represent  geometric  means  of 
observations  within  the  indicated  time  int  >is.  Error  bars  represent  95%  confidence  intervals  about 
the  mean.  Note  that  changes  in  CD3  numbo.  c  are  much  smaller  than  those  in  CD4  and  CDS  numbers. 

Figure  1 3.  Distributions  of  the  differences  between  Acmecyte  and  EPICS  C  results  as  a  function  of  the 
EPICS  C  result.  Each  graph  shows  the  percent  positive  result  for  a  particular  phenotype  from  the  EPICS 
C  on  the  X-axis,  which  has  a  varying  scale  for  each  phenotype.  The  arithmetic  difference  between 
results  (Acmecyte  result  -  EPICS  C  result)  is  shown  on  the  Y-axis,  which  has  a  constant  scale  for  all 
phenotypes.  The  "mean  bias"  for  each  marker  is  the  average  of  all  differences  (positive  and  negative), 
and  the  p  value  indicates  the  probability  that  the  mean  bias  is  zero.  The  best-fit  spline  curve,  shown  in 
thick  grey,  represents  the  relation  between  bias  and  EPICS  C  result. 

Fig.  14.  Correlation  between  percent  of  lymphocytes  co-expressing  CDS  and  HLA-DR  in  paired 
specimens  of  blood  (horizontal  axis)  and  cerebrospinal  fluid  (vertical  axis)  obtained  simultaneously  from 
homosexual  men  with  H(V-1  infection.  There  is  little  difference  in  the  proportions,  except  for  slight 
differences  in  two  specimens  that  were  run  on  the  same  day. 

Figure  15.  Scattergram  of  ^H-TdR  incorporation  in  PHA  stimulated  lymphoblasts  from  HIV'  and  HIV^. 
Individual  data  points  (o)  and  geometric  group  means  (*)  are  shown.  In  the  absence  of  rlL2,  the 
geometric  mean  ^H-TdR  incorporation  (minus  and  plus  the  SEM)  was  22,803  (19634,  26485)  and 
16,181  (14125,  18535)  for  HIV'  and  HIV*,  respectively.  Addition  of  rlL2  yielded  ®H-TdR 
incorporation  of  70795  (65013,  77090)  and  40,179  (35318,  45709)  for  HIV'  and  HIV*,  respectively. 

Figure  1 6.  Relationship  between  ^H-TdR  incorporation  and  IL-2R  expression  in  HIV'  (open  circles)  and 
HIV*  (closed  circles)  donors.  High  affinity  IL2R  was  measured  under  high  affinity  IL2  binding  conditions. 
IL-2  augmentation  was  calculated  as  the  difference  between  CPM  obtained  in  the  presence  and  absence 
of  exogenous  IL2.  Lines  represent  distance  weighted  least  squares  curve  smooths  of  the  data  from  both 
groups.  The  Kd  of  '^^l-IL2  binding  to  receptors  in  HIV'  was  26.7  ±  9.83  (mean  ±  SEM,  n  =  10)  and 
30.3  01  ±  17.8  (n  =  9)  in  HIV* 

Figure  17.  Left  panel  (a):  SDS-PAGE  analysis  of  '^l-IL2  bound  and  cross  linked  to  IL2R  on  PHA 
stimulated  PBLfrom  three  HIV' and  three  HIV*  individuals.  Stimulated  cells  were  bound,  crosslinked  with 
'’^l-IL2,  and  then  lysed.  The  cell  lysates  were  resolved  on  10%  PAGE.  The  gels  were  fixed,  dried  and 
autoradiogrammed. 

Right  panel  (b):  The  ratio  of  H  2R  a  and  P  bound  to  '^‘l-IL2.  IL2R  a  and  p  bands  on 
autoradiograms  were  scanned  by  densitometer.  The  mean  ( ±  SEM)  ratio  of  IL2R  aip  was  1 .46  ±  0.06 
in  HIV'  1.68  ±  0.10  in  HIV*  donors  (n  =  25  in  each  group). 

Figure  1 8.  Scattergram  representation  of  densitometric  analysis  of  TGF-/81  (A)  IL2R  a  (B)  and  IL2R  p 
mRNA  (C).  There  were  14  HIV'  and  13  HIV*  individuals  for  each  mRNA  detected.  After  developing 
autoradiograms,  the  mRNAs  bands  were  quantified  by  densitometry.  The  mean  TGF-/91  mRNA  in  HIV' 
was  2892  ±  341  (mean  ±  SEM)  and  2375  ±  272  in  HIV* .  The  mean  IL2R  a  mRNA  in  HIV  was  71 68 
±  778  and  4286  ±  480  in  HIV*.  The  mean  IL2R^mRNA  in  HIV  was  1634  ±  159  and  997  ±  179  in 
HIV*. 
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Appendix  B.  Figures.  Eighteen  figures  are  appended  (pp  31-43). 


Figure  1 

Figure  1.  In  situ  hybridization  for  detection  of  HiV-i  GAQ  mRNA.  Box  plots  show  the  distribution  of  graine 
in  pmMve  ceNs.  Monocyte  depleted  BM  was  infected  with  3  different  dinical  isoiatee  of  HIV-1  and 
proceed  after  14  days  in  cdture.  The  majority  of  positiwe  caHe  were  morphologicaliy  identffiable  as 
macrophages.  A  taw  ceils  of  blast  morphology  dso  evidenced  grains.  Data  are  summarized  in  notched 
box  plots  which  indicate  median  values  (waist),  simultaneous  96%  confidence  intervals  about  the  mediane 
(span  of  notch),  Interquartle  range  (bottom  to  top  of  box)  and  extreme  values  (bars)  exclusive  of  oudiers. 
Outliers  are  defined  as  data  points  more  than  1.5  times  the  intarqusrtle  range  beyond  the  top  or  bottom 
of  the  box  and  are  plotted  individually  as  asterisks. 
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Reconstitution ^  antigen  specific  humoral  and  ceN  mediated  immunity  hi  2  HiV*i  seroposcive 
stblects  undergoing  BMT  for  lymphoma. 
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Appendix  C.  Tables.  Eight  tables  are  appended  (45-49). 


-M5- 


Tabla  1 .  Development  of  Immunocompetent  Monoeyte/Mecropheges  from  Cultured 
Monocyte  Depleted  Merrow:  Antigen  presenting  cepecity  end  Immunophenotype. 


Day 

CSFs 

"HTdR 

Uotaka* 

LmjM3 

%Po« 

CD4 

%Mono  Gat* 

0 

No 

314  (  274, 424) 

0.8 

0.0 

7 

No 

109  (  52, 228) 

5.4 

28.0 

7 

Yes 

150  (  45,498) 

24.4 

27.7 

14 

No 

1953  (1734,2192) 

15.9 

39.9 

14 

Yes 

5336(4428,6430) 

45.9 

61.2 

"  Geometric  mean  CPM,  parentheses:  tower,  upper  9S%  confidence  intervals. 


Table  2.  Ability  of  HIV-1  Infected  and  Uninfected  Adherent  Cells  Derived  from  Adherence  Depleted 
Cultured  Marrow  to  Present  Tetanus  Antigen  to  Autologous  Monocyte  Depleted  Lymphocytes 


1  BM  Treatment 

NET  CPM  Mean  (SEM) 

M+GMCSF 

HIV  IIIB 

No 

No 

1,358  (309) 

No 

Yes 

3,444  (634) 

Yes 

No 

2,946  (836) 

Yes 

Yes 

10,507  (617) 

No  APC 

1,360(32) 

No  APC,  No  TET 

196  (49) 

Table  3.  Alloganeic  BMT  for  Lymphoma  in  HIV-t-  patiants,  Synganek  BMT  for  AIDS. 


Dx/BMT 

Prep  Tx’ 

DTE^ 

Neuro’ 

Status* 

HIV* 

Lymph/ALLO 

CY  TBI 

17 

ok 

D  tumor  d47 

neg  6  wks 

Lymph/ALLO 

BU  CY 

25 

PML 

b  CNS  bleed  d97 

+  1  wks 

Lymph/ALLO 

CY  TBI 

25 

ok 

D  d279  GVHD 

-F  12  wks 

AIDS/SYN 

BU  CY 

28 

ok 

A  d310  -)• 

-1- 

AIDS/SYN 

BU  CY 

14 

Dementia 

DdlOB  CNS 

+ 

AIDS/SYN 

BU  CY 

18 

Dementia 

D  d80  CMV  IP 

1  Preparative  therapy.  CY  TBI:  cyclophoaphamide,  200fng/kg  and  total  body  irradiation,  1 200  rade.  BU  CY; 
Buaulfan,  1 6mg/kg  and  cyclophoaphamida,  200mg/kg. 

2  Oaya  to  angraftmant  (abaoluta  neutrophil  couitt  to  SOO/mrn’). 

3  Neurological  atatus.  PML:  prograeaive  multifocal  leukoencephalopathy,  JC  viiua  waa  iaolatod  from  the  brain  at 
autopay. 

4  Statua  as  of  February  3,  1991.  0:  dacaasad;  GVHO:  graft-v-host  disaasa.  CMV  IP;  cytomagalovirus  interstitial 
pneumonitis. 

5  HIV:  time  of  first  positive  sample  by  culture  or  PCR.  Peripheral  Mood  was  assayad  wealdy  by  quantitative 
cocultivation.  Weekly  specimens  were  frozen  and  processad  in  batch  for  PCR.  Patiant  3  was  negative  by  co- 
culture  through  week  24,  but  proved  PCR  positive  on  week  12.  Patienta  4-6  ware  navar  virua  negative. 


Table  4.  Effect  of  booster  regimen  of  on  adoptive  transfer  of  human  antibody  responses  in  Hu* 
PBL/SCID  chimeric  mke. 


Donor 

Boost* 

Mouse 

Day  3  TT 

Mouse 

Day  35  TT 

Reciprocal  Titer  | 

Day  0 

Day  14 

Day  35 

Cay  45 

none 

none 

none 

0 

8 

nd 

0 

none 

YES 

none 

0 

173 

nd 

873 

none 

none 

YES 

0 

8 

0 

0 

YES 

none 

none 

0 

1,691 

3,324 

930 

YES 

YES 

none 

0 

30,064 

24,079 

22,901 

YES 

none 

YES 

0 

1,691 

1,118 

171 

*  Prior  to  boost  the  donor  had  a  TT  specific  IgG  titer  of  1/2,600.  Ten  days  after  booster  immunization  this  titer  rose  <  9  'ota 
to  49,700. 


TaMe  5.  Absoluta  Numbars  of  Lymphocytes  in  Peripheral  Blood  of  HIV-1  Saronegatiwo  and 
SaroposKiva  Individuals  Studied 


Seronegative 

Seropositive 

Mean* 

(95%  C.l.)* 

n 

Mean 

(95%  C.l.) 

n 

P 

GD3 

1750 

(1673.  1831) 

132 

1589 

(1471,  1715) 

78 

0.022 

CD4 

1125 

(1075.  1177) 

132 

428 

(365,  501) 

78 

<0.001 

CDS 

CD3  -  (CD4  +  CDS)*^ 

564 

(524,  606) 

132 

970 

(879,  1071) 

78 

<0.001 

(calculated  DN) 

CD3*  CD4^-  CDS" 

28 

(8.48) 

34 

87 

(59,  115) 

30 

<0.001 

(calculated  DN) 

56 

(46.69) 

34 

67 

(53,87) 

30 

0.257 

NK(CD56"  CD3-) 

170 

(150.  193) 

no 

81 

(66,99) 

60 

<0.001 

5-TCR 

62 

(56,  70) 

-132 

81 

(68,96) 

77 

0.010 

S-TCR/CDS’^ 

15 

(12.  20) 

50 

27 

(19,  37) 

41 

0.009 

^  Geometric  mean  numbers  of  cells/mm^. 

*  95%  confidence  interval  of  the  mean. 

Data  for  these  two  groups  were  derived  from  the  same  individuals. 


TaWa  6.  Comparison  of  Lymphocyte  Subsets  In  64  Saronegativo  and  Saropositiva  SHARE 
participants. 


SH 

SP 

P 

Lymphocytas 

Calculatad 

2387  +  503  (33) 

26.1  ♦  57.0  (33) 

1928  ♦  755  (30) 

95.8  +  74.1  (29) 

o.ooc 

<0.001 

Doubla  Nag. 

Maaaurad 

68.2  1  41.2  (33) 

90.1  +  50.1  (29) 

0.064 

■Doubla  Hag. 
Y6-TCR 

01m  CDS 

NX 

59.5  +  39.9  (33) 

153.7  ♦  68.7  (20) 
227.1  ♦  174.4  (10) 

86.5  ±  63.0  (29) 
112.7  +  63.8  (22) 

79.1  t  55.0  (10) 

0.046 

0.052 

0.048 

-48- 


Tabla  7.  Summary  of  results  of  comparison  study 


Phenotype 

CD4 

CDS 

CD3 

CD56/CD16 
CD3  neg 

TCR-yft 
CDS  pos 

TCR-y6 
CDS  neg 

Mean  Epics  C 
Result* 

40.13 

30.42 

74.10 

7.47 

2.44 

1.71 

Mean  Bias" 

-0.39 

0.27 

-0.23 

-0.17 

-0.03 

0.23 

Mean  %  Bias‘ 

-0.90 

0.84 

-0.29 

-2.18 

-2.22 

8.66 

Mean  Discrepancy^ 

0.83 

0.79 

0.89 

0.47 

0.32 

0.49 

Mean  % 
Discrepancy* 

2.73 

3.26 

1.24 

ao7 

21.98 

41.41 

■Result  for  percent  cells  positive  for  each  phenotype  as  anafyzed  on  the  Epics  C 
"Mean  bias  is  the  average  of  all  differences  (Acme^te-Eincs  C)  for  each  phenotype. 

‘Mean  %  bias  is  the  average  of  all  differences  oqtressed  as  a  percentage  of  their  respective  Epics  C  results. 
“Mean  discrepant  is  the  average  of  all  absolute  values  for  the  difference  (Acmette-Epics  C). 

‘Mean  %  discrepant  is  the  average  of  all  absolute  value  differences  expressed  as  a  percentage  of  tlwir 
respective  Epics  C  results. 


Tabl«  8.  Anti  TGFt(I1  Antibody  Dom  Not  incroMo  the  112  Induced  Proliferative  Retponae  of  re«lt 
from  HIV 


Expt# 

HIV  Serostatus 

Control 

antibody 

Control 

antibody 

>02 

TGF^l 

andbotfy 

TGF-pl 
andbody 
+  02 

3H-TdR  moorpotation  (qxn) 

1 

. 

ND 

78309 

41336 

89316 

1 

- 

ND 

84.105 

60247 

75.711 

1 

+ 

ND 

84352 

42359 

87377 

1 

+ 

ND 

19340 

7,830 

17370 

2 

4.777 

28305 

5357 

25337 

2 

- 

11,021 

82,408 

11,701 

77382 

2 

+ 

10,471 

61385 

8389 

84366 

2 

10,073 

81,714 

5395 

65379 

3 

• 

17,156 

70398 

18356 

76,031 

3 

- 

13,729 

87300 

13360 

106,113 

3 

+ 

24394 

71339 

23309 

82370 

3 

+ 

13370 

60383 

21377 

79343 

4 

54.147 

227,465 

32,120 

252233 

4 

+ 

35972 

93339 

24,760 

89304 

PBMCVfiram  HIV-  and  HIV^  donors  (12  x  10^  cells  per  12  ml  compleie  medium )  were  cultured  in  24  well 
microculture  plates  in  the  presence  of  PHA  and  control  chicken  IgG  or  polyclonal  and  TGF-Pl  antibody  (123  pg 
per  ml).  Afker  55  h  in  culture,  cells  were  washed,  and  recultured  ovani^  in  ooinpleie  medium.  The  cells  were  then 
washed  and  incubated  for  48  h  in  the  presence  or  absence  of  1  nM  ril2  (5  x  10*  cells  per  weQ  in  triplicate  culuires  in 
96  weO  microculture  places) .  In  these  trqtlicate  cultures,  control  andbody  was  added  to  the  cells  initially  cultured  in 
presence  of  control  andbody  while  and  1^-Pl  andbody  was  added  to  ceUs  initially  cultured  in  presence  of  and  TGF- 
pi  antibody.  3H-TdRincotpotadoo  was  assessed  during  die  last  4  bin  culture.  ND,  not  determined.  Responses  were 
jiot  significandy  improved  by  the  addition  of  and  TOF-P 1  andbody  along  with  rlL2  compared  to  rIL2  alone  (mean 
augmentadon  ■  5385  CPM,  p  •  0.122,  paired  t-test)  in  cultures  firom  HIV*  or  HIV'^  donors. 
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Appendix  D.  Staff  with  percent  effort  by  quarter 


Staff  as  of  8/31  /89  with  percent  effort  of  each  on  project: 

Principal  investigator 

Albert  D.  Donnenberg,  Ph.0 .  30% 

Co-Investigator 

Joseph  B.  Margolick,  M.O.,  Ph.O.  . . .  20% 

Technical  Staff 

Suzanne  Eacker .  1 00% 

Elvia  Scott .  25% 

Lisa  McCall .  25% 

Veena  Chatterjee .  20% 

Jack  Towsley  . .  25% 

Staff  as  of  1 2/1 5/89  with  percent  effort  of  each  on  project: 

Principal  Investigator 

Albert  0.  Donnenberg,  Ph.D .  30% 

Co-Investigator 

Joseph  B.  Margolick,  M.D.,  Ph.D .  5% 

Research  Associate 

Rajesh  Chopra,  Ph.D .  90% 

Technical  Staff 

William  R.  Cappuccio .  20% 

James  P.  Barber  .  100% 

B.  Taylor .  10% 

Staff  as  of  3/1 5/90  with  percent  effort  of  each  on  project: 

Principal  investigator 

Albert  D.  Donnenberg,  Ph.D .  30% 

Co-Investigator 

Joseph  B.  Margolick,  M.D.,  Ph.D.  ...  5% 

Research  Associate 

Rajesh  Chopra,  Ph.D .  90% 

Technical  Staff 

William  R.  Cappuccio .  20% 

James  P.  Barber  .  1 00% 

B.  Taylor .  10% 


'  Staff  as  of  6/1 5/90  with  percent  effort  of  each  on  project: 


Principal  Investigator 

Albert  D.  Donnenberg,  Ph.D .  30% 

Co-Investigator 

Joseph  B.  Margolick,  M.D.,  Ph.D.  . . .  5% 

Research  Associate 

Rajesh  Chopra,  Ph.D .  90% 

Technical  Staff 

William  R.  Cappuccio .  20% 

James  P.  Barber  .  100% 

B.  Taylor .  10% 
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Staff  as  of  9/1 5/90  with  percent  effort  of  each  on  project: 


Principal  Investigator 

Albert  D.  Donnenberg,  Ph.D . 

20% 

Co-Investigator 

Joseph  B.  Margolick,  M.D.,  Ph.D.  . . . 

5% 

Research  Associate 

Rajesh  Chopra,  Ph.D . 

100% 

Technical  Staff 

William  R.  Cappuccio . 

20% 

(34%  as  of  8/1/90) 

James  P.  Barber  . 

100% 

B.  Taylor . 

10% 

(20%  for  month  of  August  only) 

Staff  as  of  1 2/1 5/90  with  percent  effort  of  each  on  project: 

Principal  Investigator 

Albert  D.  Donnenberg,  Ph.D . 

Co*lnvestigator 

Joseph  B.  Margolick,  M.O..  Ph.D.  . . . 
Research  Associate 

Rajesh  Chopra,  Ph.D . 

Technical  Staff 

William  R.  Cappuccio . 

James  P.  Barber  . 

B.  Taylor . 

Staff  as  of  3/1 5/91  with  percent  effort  of  each  on  project: 


Principal  Investigator 

Albert  D.  Donnenberg,  Ph.D .  20% 

Co-Investigator 

Joseph  B.  Margolick,  M.D.,  Ph.D.  ...  5% 

Research  Associate 

Rajesh  Chopra,  Ph.D .  100% 

Technical  Staff 

William  R.  Cappuccio .  34% 

James  P.  Barber  .  1 00% 

B.  Taylor .  10% 


20% 

5% 

100% 

34% 

100% 

10% 


Graduate  degrees  granted:  None. 
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Appendix  E.  Abstracts,  manuscripts  and  publications  resulting  from  this  project.  Copies  have  been 

appended  to  this  report. 

Papers 

1 .  Margolick,  J.B.,  McArthur,  J.C.,  Scott,  E.R.,  McArthur,  J.H.,  Cohn,  S.,  Farzadegan,  H.,  and  Polk, 
B.F.  Flow  Cytometric  Quantitation  of  T  Cell  Phenotypes  in  Cerebrospinal  Ruid  of  Homosexual  Men 
With  and  Without  Antibodies  to  Human  Immunodeficiency  Virus.  J.  Neuroimmunol.  20:73-81, 
1988. 

2.  Donnenberg,  A.O.,  Margolick  J.O.,  and  Polk,  B.F.,  Limiting  Dilution  Analysis  of  in  Vivo  Activated 
(IL-2  Responsive)  Peripheral  Blood  Lymphocytes  in  HIV-1  Infected  Subjects.  Clin.  Immunol. 
Immunopathol.  51:91-98,  1989. 

3.  Holland,  H.K.,  Saral,  R.,  Rossi,  J.J.,  Donnenberg,  A.D.,  Burns,  W.H.,  BeschornerW.M.,  Farzadegan, 
H.,  Jones,  R.J.,  Quinnan  G.V.,  Vogelsang,  G.B.,  Vreisendorp,  H.M.,  Wingard,  J.R.,  Zaia,  J.A.  and 
Santos,  G.W.  Allogeneic  Bone  Marrow  Transplantation  and  Zidovudine:  Effects  on  HIV-1  Infection 
in  a  Patient  with  Non-Hodgkin's  Lymphoma.  Annals  of  Internal  Med.  Ill  :973-981 ,  1 989. 

4.  Margolick,  J.,  Carey,  V.,  Munoz,  A.,  Polk,  B.F.,  Giorgi,  J.,  Bauer,  K.D.,  Kaslow,  R.,  and  Rinaldo,  C.: 
Development  of  antibodies  to  HIV-1  is  associated  with  an  increase  in  circulating  CD3''CD4'CD8' 
lymphocytes.  Clin.  Immunol.  Immunopathol.,  57:348-361,  1989. 

5.  Margolick,  J.B.,  Scott,  E.R.,  Odaka,  N.,  and  Saah,  A.J.  Row  cytometric  analysis  of  y6T  cells  and 
natural  killer  cells  in  HIV-1  infection.  Clin.  Immunol.  ImmunopathoL  58:126-138,  1991 . 

6.  Markham,  R.B.  and  Donnenberg,  A.D.  Effect  of  Donor  and  Recipient  immunization  Protocols  on 
Primary  and  Secondary  Human  Antibody  Responses  in  SCID  Mice  Reconstituted  with  Human 
Peripheral  Blood  Mononuclear  Cells.  Infection  and  Immunity  60(6):2305-2308,  1992. 

7.  Margolick,  J.B.,  Scott,  E.R.,  Chadwick,  K.R.,  Shapiro,  H.M.,  Hetzel,  D.,  Smith,  S.J.,  and  Vogt,  R.F. 
Comparison  of  Lymphocyte  Immunophenotypes  Obtained  from  Two  Different  Data  Acquisition  and 
Analysis  Systems  Simultaneously  on  the  Same  Row  Cytometer.  Cvtometrv  1 3L1 98-203,  1 992. 

8.  Margolick,  J.B.,  Donnenberg,  A.D.,  Muhoz,  A.,  Park,  L.P.,  Bauer,  K.D.,  Giorgi,  J.V.,  Ferbas,  J., 
Saah,  A.J.,  and  the  Multicenter  AIDS  Cohort  Study.  Changes  in  T  and  Non-T  Lymphocyte  Subsets 
Following  Seroconversion  to  HIV-1:  Stable  CD3^  and  Declining  CD3'  Populations  Suggest 
Regulatory  Responses  Linked  to  Loss  of  CD4  Lymphocytes.  J.  AIDS  (accepted  for  publication). 

9.  Chopra,  R.K.,  Raj,  N.B.K.,  Scaliy,  J.P.,  Donnenberg,  A.D.,  Adler,  W.H.,  Saah,  A.J.,  and  Margolick, 
J.B.  IL2  Receptor  a  and Chain  mRNA  Expression  is  Decreased  in  PH  A  Stimulated  PBMC  from  HIV 
Type  1  (HIV-1)  Infected  Homosexual  Men.  Clin.  Exp.  Immunol,  (in  press). 

10.  Palenicek,  J.,  Fox,  R.,  Margolick,  J.,  Farzadegan,  H.,  Odaka,  N.,  Taylor,  E.,  Ward,  L.,  Harris,  J., 
Armenian,  H.,  and  Saah,  A.J.  Longitudinal  Study  of  Homosexual  Couples  Discordant  for  HIV-1 
Antibodies  in  the  Baltimore  MACS  Study.  J.  AIDS  (in  press). 

Abstracts 

1 .  dels  Torre,  A.,  Donnenberg,  A.D.,  and  Noga,  S.  [Development  of  Antigen  Presenting  Cells  (APC) 
from  Monocyte  Depleted  Bone  Marrow  (MDBM):  A  System  to  Study  The  Effects  of  HIV-1  Infection 
on  Monocyte  Ontogeny.  Blood  72(5,  SuppI  1):1309A.  1988. 

2.  Halsey,  N.A.,  Donnenberg,  A.D.,  Boulos,  R.,  Ruff,  A.,  Holt,  E.,  Chamandy,  J.,  Job,  J.,  Quinn,  T., 
and  Boulos,  C.  Anti-tetanus  Antibody  (ATA)  in  Umbilical  Cord  Blood  (UCB)  from  HIV-1  Seropositive 
Haitian  Women.  IV  International  Conference  on  AIDS,  Stockholm,  Sweden.  1 988. 
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3.  Donnenberg,  A.D.,  Holland,  H.K.,  Burns,  W.H.,  Santos,  G.W.,  and  Sarat,  R.  Adoptive  Transfer  of 
Immunity  to  Recall  Antigens  Following  Allogeneic  Bone  Marrow  Transplantation  (BMT)  in  an  AIDS 
Patient  with  non-Hodgkin's  Lymphoma  (NHL).  V  International  Conference  on  AIDS,  Montreal,  June 
4-9.  1989. 


4.  Holland  H.K..  Rossi,  J.J.,  Donnenberg,  A.D.,  Zaia,  J.A.,  Santos,  G.W.,  and  Sara!  R.  Allogeneic 
Bone  Marrow  Transplantation  (BMT)  plus  Azidothymidine  (AiTT)  in  an  AIDS  patient  with  Non- 
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5.  Margolick  J.,  Scott  E.,  and  Saah  A.  Analysis  of  Expression  of  Gamma/Delta  T  cell  Receptor  and 
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Immunology  Society). 
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man  imnamodelkieDcy  virus,  Qfpe  1  (UlV-1) 
(Coffin  et  sL,  198Q,  infsets  die  ceatial  nervous 
aystem  (CNS)  ss  w^  as  oeDa  of  the  immnne 
qfstess  (Shaw  at  al.,  IBSS;  lohaeanaiid  hfeAsdiur, 
1996).  Atthoaih  our  undsrttanding  of  dw  patho- 
gsnens  of  CNS  — gr  dne  to  HIV-1  is  incoin- 

jdeie  (Bwhh,  1917;  Fldoe  et  aL,  1988X  diere 
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HIV-1  (Resnkk  et  al.,  19SS;  Ackermann  et  al., 
1986;  Ooudsmit  et  al.,  1986)  and  by  cerebrospinal 
fluid  (CSF)  pleocytosis  in  some  cases  (Ho  et  al., 
1983;  Hollander  and  Levy,  1987;  McArthur  ct  af., 
1988a).  It  is  well  established  that  this  cellular 
response  is  predomiaantly  lymphocytic  (Hollander 
and  Levy,  1987;  McArthur  et  al.,  1988a),  but  the 
sprafic  types  of  lymphocytes  involved  have  heen 
analyzed  in  only  a  few  cases  (Steck  and  de 
Flaiigcrgucs,  1987;  MeArthur  ct  al.,  1988b).  One 
reason  *or  the  paucity  of  siKh  studies  in  HIV-l*rc> 
lated  disorders,  as  well  as  in  neurological  disease 
in  genera],  may  be  the  relatively  small  numbers  of 
cells  present  in  the  CSF  and  available  for  analysis. 

Flow  eytnnnctry  has  provided  greatly  improved 
accuracy  and  sensitivity,  compared  to  manual 
methods,  for  the  snslysis  of  T  cell  subsets  in 
peripheral  blood  (Parks  and  Herzenberg,  1984), 
other  body  fluids  such  as  bronchoalveolar  lavage 
spedunons  (nsvidson  el  al.,  1983).  and,  in  one 
study,  CSF  (Vandenbark  et  al..  1983).  We  ex- 
ami^  whether  the  low  concentrations  of 
lymphocytes  present  and  (he  small  volumes  of 
fluid  available  for  analysis  would  permit  the  use  of 
this  technkiue  to  quantitate  lymphocyte  subsets  in 
CSF  from  individuals  infected  with  H1V*1.  This 
report  presents  a  comparison  of  T  cdl  phenolypas 
in  the  CSF,  as  detemdned  by  flow  cytometry,  with 
those  in  simuluneously  obtained  specimens  of 
peripheral  hlood  from  homosexual  and  bisexual 
men  partic4>atuig  in  a  prospective  study  of  the 
neuropsyelx^gie  manifestations  of  HlV-1  infec- 
Uon. 


Materials  and  mcthiNh 
Stu^  jutyerts 

The  study  population  consisted  of  66  homosex- 
iial/biscxual  men;  15  patients  who  underwent 
lumbar  puncture  for  clinical  (diagnostic)  indica¬ 
tions  (McArthur,  1987),  and  31  volunteers  from 
SHARE,  the  Baltimore  participants  in  the  Multi- 
center  AIDS  Cohort  Study  (MACS)  (Kaslow  et 
ol.,  1987).  AU  subjects  were  screened  for  antibod¬ 
ies  to  HIV-1  by  ELISA  (Samgadharan  ct  al, 
1984),  and  all  pooitivc  ipocimcna  were  confirmed 
by  Western  blot  (Dlstiup  ct  al..  1986).  The  SHARE 
subjects,  47  of  whom  were  seropositive  and  four 


seronegative  for  HIV-1,  underwent  neurologic  and 
psychologic  testing  as  wdl  as  lumbar  puncture 
(McArthur  et  al..  1988a)  after  giving  informed 
consent,  Neurolo^cal  assessment  included  stan¬ 
dardized  neurological  exambation  by  a  board- 
certified  neurologist,  administration  of  a  neuro¬ 
logical  questionnaire,  and  a  battery  of  neuropsy¬ 
chological  tests  including  the  Shipley  Hartfo^ 
Scale,  WAIS-R  Block  Design,  Warrington  Recog¬ 
nition  Memory  Test,  Rcy  Ccnnplex  Figure,  and 
the  Tratimaking  Tests  (Lezak,  1983).  Electroen¬ 
cephalography  and  magnetic  rcscmancc  ima^ng 
were  also  performed  on  a  majority  of  the  individu¬ 
als.  Results  of  these  studies  are  reported  in  detail 
elsewhere  (McArthur  et  aL:  Low  prevalence  of 
ncurntogical  and  neuropsychdk)gica]  abnormali¬ 
ties  in  healthy  HlV-1-infected  individuals:  results 
from  the  Multicenter  AIDS  Cohort  Study,  sub¬ 
mitted). 

The  study  subjects  were  clasaficd  as  described 
below,  according  to  findings  on  nmirdogical  ex¬ 
amination,  neuropsychological  testing,  and  seroi- 
ogy  for  HlV-1.  All  subjects  except  for  the  four  in 
group  7  were  seropositive  for  HlV-1. 

(1)  Dementia  signs  of  cognitive,  behavioral  or 
motor  dysfunction  conristent  with  HlV-1  ea- 
c^halopathy  (Navia  et  al,  1986)  (n  9). 

(2)  Myelopathy  -  spastic  pu*puea$  (Petito  et 
al.,  1983)  (It  -  3). 

(3)  Ciyptnooccal  meningitis  (Kovacs  et  al.,  1987) 
(It -2). 

(4)  HlV-1-rclatcd  meningitis  (Hollander  and 
Levy,  1987)  (if «  2). 

(3)  Neuropsydiologic  findings  -  mild  abnor¬ 
malities  on  neurdogic  examination  or  neuropsy¬ 
chological  testing,  but  inroffleieat  to  cat^orize 
definitively  as  HlV-1  encephalopathy  (n  -  33). 

(6)  Asymptomatic  -  no  neurologic  syriqitoms 
or  abnormalities  on  ncuropsycfaologicai  testing, 
and  no  other  HIV-l-related  synqitoms  (n  —  12). 

(7)  Seronegative  -  seronegative  for  HlV-1  and 
normal  neurologic  examination  and  neuropqfcho- 
togica)  testing  (it  -  4). 

Sptcinm  colltclion 

Pcriphoal  blood  was  obtained  by  vcnqHincturc 
from  the  antocubital  vein  using  a  h^iaiiiuxcd 
syringe.  CSF  was  obtained  by  lumbar  puncture 
using  aseptic  techniques  and  a  standardized  proto- 


SEP- 10- 1992  145  49  FROM  TOXICOLOGICRL  SCIENCES 


TO 


914126249624  P.05 


coL  The  CSF  cdl  oouat  wu  petfonned  by  hemo- 
cytotoe/ux  on  the  3fd  1  od  a]i({aot  of  CSF  ool- 
keted.  The  Ust  3-$  M  of  ooOeoted  wm 
raaemd  for  flow  cytometry  as  described  below. 
The  CSF  was  comidned  to  be  nonnoedhdar  if 
the  WBC  count  was  <  S  edh/maf  and  the  oen- 
uoiihil  count  was  ^  I  ocU/ns^. 

/7ow  eytemaMr.  tmafyaia  ^  T  fyttiphp(ytts 

3  h,  the  spedmoas  woe  scalded  with 

monockmai  aoiibodn  cooiugaiiii]  to  floofesom 

itotfaiixyanaiB  (FTTC)  or  phycoeiythrin  (PE)  for 
two-ookr  fluonMcmce  aiudyiis.  For  bkwd  ^wi- 
mciM,  the  whole  taloud-lysis  TtfiCiK^  was  aracdoyed 
as  described  (Hoffmea  et  a1.,  1980),  using  three 
monocloiial  antibodies  and  an  iMitype  COOtral  an* 
tibody  in  two  test  tttbei^  as  follows;  anti-Leti4 
(CD3>FITC  and  oontfol  antibody  (IgGi)-PE  in 
tube  1,  and  anti-Leu  2a  (CD8)-FrTC  and  anti- 
Leu3a  (m4)-PE  hi  tube  2.  Antibodim  were  ob¬ 
tained  from  Booton-Didiiinoi),  Mountain  View, 
CA.  The  stained  lymphorytes  were  fixad  in  pam- 
rconalddiyda  (Fnlyscnaiow,  Warrington,  PA)  and 
analyzed  withk  48  h.  Analysis  was  performed 
using  an  EPICS  C  Dow  oyUmrner  (Coolta  Elac* 
ironies,  Hudeah,  FL)  aqinffied  with  a  sealed  flow 
tip  and  speebnen  coOetrion  system  (Cuolter)  to 
eKminate  leroeotizaiion  (rf  tiw  spechoens.  The  flow 
ryUxDcta  was  gaud  on  periph^  blood  lya^ho* 
cyies  by  forward-  and  90*-liglit  scatter  oharactcr- 
istioa,  along  with  software  for  two-odor  analysis 
(Conltet).  SOQO  cells  were  ononted  for  each  tube  of 

laciilxTipMtM 

For  Uk  fluid  WM  cquifuted  at  1200 

[iliiiiiiiiiHi 

jitmpliaKManl  alioc  anuiiii  if  Mt 

acnimanmmin  and  0.1%  azide  and  letuspeodedio 
300  pi  of  tbe  saoK  buffer.  100  pi  were  added  to 
test  tubva  uontiiiilng  the  aboye  antibody  conibiaa- 
doiK  and  iocubaual  Iot  30  min  on  ioe.  Tte  sUiDcd 
celli  were  {hea  analyzed  as  above,  except  that  il 

was  never  pussiMc  to  count  9000  edts.  Instead, 
ocUs  were  eownted  until  the  spedmrn  ww  ez- 
haustod,  and  the  number  of  usOs  counted  was 
rfpnrrtedi 

SUUutical  atefyxlx 

Perontafee  and  ratioe  of  lymphocyte  subsets 
among  the  study  groups  wsre  compared  by  onaly- 
sie  ol  variaDoe. 
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SlHfr  >idffect$  and  dbiioal  khamtory  rsMubt 

Fahed  spedi^s  of  peripheral  blood  and  CSF 
were  obtained  on  86  subdects  from  Febmary,  1987, 
to  April,  1988.  AO  cuaes  were  nu-JiuWt  ia  the 
Study  eaoqrt  one  c»se  fat  udikii  the  lumbar  puno* 
luxe  was  tranmatic  and  the  spocunen  was  grossly 
bioo^.  The  dhucal/noaralofic  dassificatian  of 
the  remaining  8$  iuiqccts  is  ahOfWn  m  Tabk  1. 
Also  shown  an  the  cdl  counts  in  tho  63  CSF 
tpecirnsna,  52  of  which  were  within  die  nornwodl- 
nlar  range.  It  should  be  noted  that  none  of  the 
study  subjects  had  KapotPs  sarcoma,  and  only 
two  had  oppofloiiistiu  infections  (ciyptocoocal 
meningitis). 

Flam  tyumtulc  aitafygU  ttf  fyiiydtotyltJ 

The  numben  of  Iympiiocyt|K  counted  in  cudi 
of  the  two  tubes  of  CSF  from  each  subgeot  were 
equivalent,  ranging  from  200  to  2933  with  an 
overall  mean  of  1129  (Table  I-).  In  all  cases  it  was 
possible  to  anelyze  soffioient  cdls  to  detsemfaM 
proportions  of  CD3,  CD4,  and  CDS  fymphoqrtas, 
and  ihclx  mtiDS,  bn  the  CSF,  awn  thooi^  the 
number  of  bmuihotytes  par  maf  was  generally 
not  elevated  and  fat  24  cases  was  0  or  1  (TaUe  1). 

The  correlations  between  the  proportioas  of  a 
given  type  of  lympho^rte  in  tbs  peripheral  blood 
and  in  die  CSF  were  GxUcmdy  high,  as  shown  in 
Fig.  1  (4^C  for  CD3,  CD4,  and  COB  brmpho- 

■TW)  Bt  uMk  0^^ 

ClM  ,«Ito  WM  nd  Ihil  for  CDs  cells  vis 

probaWjf  iafl««tt  tho  I8i«tiyfij  ajfflOlf  Bflgp  Qjf 

valiMs  for  the  peroent  of  CDd  cdls  presmit  in  the 
spcciinais  studisd.  In  addition,  the  regression  lines 
for  CD4  and  CDS  cdls  had  dopes  visy  dose  to 
U)  lad  interacids  voy  dose  to  0  (tegend  lo  Fi^ 
1).  Put  J>  ol  1  shows  the  rq;ics8ion  line  for 
the  hclpcr^ippressor  ratio  meamicnients  in  blood 
and  C^,  vriiidi  bad  vary  siaillar  obaraetan«6» 

(r-0.98X 

Table  2  shows  the  T  odl'  proportions  and 
CD4/CD8  ratios  in  peripheral  blood  and  CSF  of 
study  subjects  damiflisl  aounding  to  the  lasnltt  of 
nenrotogloal  snuunfaiation  and  neuropsyahologioal 
testing.  As  ezpeoied,  all  soroporitive  groups  had 
lowai  prapoitiioaa  of  CD4  ceib  and  highet  propof- 
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lion*  of  CDS  cdls  than  did  the  seronegative  group, 
la  addition,  all  neurologicaily  symptomatic 
seropositive  groups,  with  the  eaceptioQ  of  the  three 


patients  with  H1V>1  nqfelopalhy,  hod  lown  pto' 
portions  of  CD4  odls  and  higher  proportioos  of 
CDS  cells  than  did  the  aqanptoinatic  seropositive 


TABLE  1 

CUNICAL  AND  LABCMtATOhY  CHARACTEJUSTICS  OF  STVOY  SUBIECR  AND  SPBOMENS 


Sal^ 

amaber 

eSaicai  fcstims 

CSPedl  eotiatt  (ecOi/aiai') 

NoLofoaBtoowaled 

WBC» 

Lyippiwcytcs 

RBC* 

Tube  NO.  t< 

TubcNaiS* 

34 

ScaorngMiv*  amlrW 

1 

1 

0 

319 

608 

35 

Scnnmstt**  eentiel 

1 

t 

0 

144t 

1205 

36 

9Brni*c|raiwV  oovirai 

1 

1 

0 

1940 

IS26 

56 

Streem**^  <’■'■■''01 

0 

0 

0 

305 

313 

39 

Aqrawtoewhe 

s 

5 

0 

2024 

2043 

10 

A«yBi|HMBMie 

4 

4 

3 

2025 

2134 

31 

AsjmplamstK 

4 

4 

0 

190i 

1612 

33 

Asyiapwaiatlc 

3 

1 

0 

7M 

837 

33 

Aiyai|H«iiniie 

15 

15 

1 

3030 

2076 

39 

AsyiBpieiatde 

0 

0 

0 

613 

625 

44 

AqroipiotMtie 

3 

3 

0 

432 

Sts 

43 

A4|yBl|>CiinM(ic 

5 

5 

2 

1235 

1274 

47 

Acymatoomie 

<1 

9 

0 

2554 

2770 

SI 

AtjBipiMlUOIIK 

6 

6 

0 

asa 

855 

64 

Asymptomatic 

2 

2 

t 

4M 

522 

65 

ABjrmjuoaMtk 

6 

5 

0 

1997 

3023 

11 

NFtMint** 

0 

0 

0 

1081 

1133  . 

13 

NpliaAim 

6 

6 

6 

2012 

3020 

13 

NFOadinm 

1 

t 

0 

966 

844 

14 

NFliadlngy 

0 

0 

0 

642 

1014 

IS 

NPftndlami 

5 

5 

90 

1S54 

1573 

16 

NFfm^ois 

6 

3 

0 

1419 

1508 

17 

NPQadiapf 

0 

0 

0 

1996 

1117 

IS 

NPUmHiiia 

3 

3 

0 

2502 

2704 

19 

NPtindiapi 

5 

3 

0 

1703 

1637 

20 

NPfledbBi 

3 

3 

I 

im 

1551 

at 

NPIndlaii 

3 

3 

2 

IQ2S 

1217 

aa 

NPOndiasr 

2 

2 

0 

268 

283 

as 

NPfMtaai 

1 

S 

9 

2018 

1800 

24 

Nffiadbip* 

3 

3 

0 

666 

597 

25 

NPfliMfiaik 

12 

12 

3 

1010 

1(08  . 

26 

NPBadiasi 

4 

4 

2 

200 

212 

27 

NVOndlaw 

1 

1 

6 

32$  ' 

356 

as 

NPOadtapt 

12 

12 

1 

1096 

1022 

37 

NffiadURD 

S 

3 

0 

1594 

1642 

3S 

NPIhi4iflti 

1 

1 

0 

no 

796 

40 

NPGuififiai 

0 

0 

1 

332 

341 

41 

NPflndiast 

J 

3 

3 

Ml 

523 

42 

NPGadfaip 

nd* 

ad 

«d 

695 

722 

43 

NPtMiap 

11 

11 

0 

544 

624 

46 

NPfiadliiti 

3 

3 

0 

698 

101 

4S 

HPOndlms 

1 

1 

7 

1409 

1493 

49 

NPCadiiqs 

4 

4 

0 

902 

915 

so 

NPIIadiaai 

3 

3 

0 

911 

921 

52 

HPfindIngi 

1 

1 

1 

1011 

1092 

33 

NPfinAeii 

0 

0 

0 

733 

741 

54 

NPfMiaii 

2 

2 

1 

937 

983 

(ooeliaaal) 
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TABUS  1  (ooBtiAiiaO 


Snt^ 

aaoiker 

dhaiod  tohwei 

CSV  edl  coiwu  (cdi/sBi^) 

Na  ofodbcouaied 

WBC* 

a  *  ■ 

TitbeNal' 

ThbeNoTP 

62 

NPBndtap 

13 

13 

0 

1986 

1973 

63 

NPfiadkv 

3 

2 

473 

1136 

1133 

10 

HlV-mealarili* 

11 

11 

0 

1314 

1297 

39 

HiV4MeiB|liit 

0 

0 

0 

94S 

1051 

S 

2 

2 

0 

1423 

1373 

9 

CtypiaMwikutifa 

3 

3 

0 

2802 

3933 

6 

Myaioretky 

1 

1 

0 

1342 

1478 

7 

Idyileiwlky 

62 

62 

2 

413 

398 

37 

MyrtoiMlllar 

0 

,0 

12 

403 

515 

1 

Dwnentls 

0 

0 

0 

966 

1276 

3 

DwbmIm 

3 

3 

0 

1904 

1670 

3 

Deneotia 

6 

6 

13 

426 

334 

4 

Dcnenlia 

0 

0 

0 

3K 

277 

5 

DoRatis 

1 

1 

0 

321) 

310 

SS 

Oemntls 

1 

1 

0 

943 

971 

S8 

noDCBtlS 

21 

21 

0 

604 

709 

60 

Dmnuift 

1 

1 

10 

1264 

1273 

61 

Domcatis 

2 

2 

1 

314 

92S 

*  WBC-DUUMoadMOi;^  BBCvfeilUoodctili;*  Taka  1 -•  Lcn«  Md  I||Q|  oonuvl  wdbotfy;  *  Take  Na  2  <■  Ua3a  Md 
L«i2a:  *  NBfiiidaigi>aiurnpr9id«iki||6flDdiii|f,«a4tfiMitntact; '  Bd*iiM4od«. 


froup.  Among  the  three  laiigctt  groi^Mt  studied, 
there  wa<  a  prvgnsaivB  decrease  in  poccntage  o[ 
CD4  cdb  wfacn  aabjecia  wi^  aeiiropsjfdiologic 
findings  and  mihjects  with  dementia  woe  com. 
pared  with  the  asymptomatic  iicropositive  group; 
the  difference  between  the  latter  two  groiqpe  wm 
Ntatiatiaally  lignificant  (?- 0.021  hy  anafyas 
variance).  There  were  no  significant  dirferenoes 
between  the  grnupe  in  percentage  of  CD3  or  CD8 
oeDs,  or  in  CD4/CDR  ratios.  As  indicated  by  the 
very  close  conelation  between  T  cdl  pttpoftimu 
in  pcnphcral  blood  and  C$F,  no  differencas  be- 
iween  T  cell  proportionx  in  peripheral  blood  and 
CSF  wen;  observed  in  Uy  of  the  sutyect  groups. 


Disennhin 


aoalysb  of  T  odU  present  in  the  CSP  of  inAvidu- 
ale  infected  with  HIV-1.  Our  results  confirm  the 
appttoebiltty  of  flow  cyforoetiy  to  odia  in  the  CSF, 
as  shown  in  one  previous  study  (Vandenbadi  et 
al.,  1985}  whjdi  used  a  ooe-etdor  method  to  analyae 
25  palinits  with  a  variety  of  neuidogic  conditions, 
boA  immundogic  and  noniininuiKdogici  which 


were  not  tdated  to  HIV-1.  Togethor,  that  study 
and  the  present  stud^  demonsinte  tiie  advantages 
flow  qynhnetiy  over  manual  metbodt  for  im> 
nuiioQrpmg  intiatbeoai  lynsj^tocytes;  (1)  rapid 
processing  of  spedmots.  permiitmg  the  analysis  ol 
many  spedmeos;  (2)  cifident  counting  of  odls, 
pannittiiig  normocellnlar  qtedmens  to  be  ana¬ 
lyzed;  and  (3)  quantitatkm  ^  larger  numbers  of 
oelU  than  (he  50-200  odia  per  antibody  ^pically 
counted  by  mauual  methods.  Specifically, 
Vandenbotli  ct  sL  (IMS)  oounted  an  average  of 
750  odls  per  antibody  with  al  least  150  cells 
oounted  for  each  of  the  four  antibodies  studied, 
using  only  0.8-8.0  ml  of  CSF  per  patient  In  the 
present  study,  wt  counted  at  least  200  odls  per 
antibody  in  all  ^MciaMns,  more  than  300  in  62  of 
65,  and  a  mean  of  1129  (Table  1}  using  3-S  ml  of 

CSF.  smd  OB  tlw  nimibiM  of  Ipp^ 

containing  0  or  1  wliiteUood  ceU/mn^, 
it  can  be  established  tiiat  we  counted  ^prori- 
maidy  10-SOS  Of  the  cdls  in  the  spechnen.  This 
percentage  could  have  been  increased  by  counting 
monocyies  as  well  as  lympbocytes.  In  addition  to 
iitfTcaring  the  effideo^  oi  odi  counting,  two-color 
flow  cytometry  has  the  potential  to  pemnt  a  more 
itetaiM  plMMtypk  chaiactefuation  of  the 
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lymphocytes  present  in  the  C$F  than  one^or 
analysis  can  accomplish. 

In  the  present  study,  the  most  prominent  find¬ 
ing  was  t^  very  high  conelation  between  T  cell 
proportions  in  CSF  and  peripheral  blood.  This 
high  condadon  was  seen  over  a  wide  range  of 
values  for  the  T  cell  proportions  and  lymphocyte 
counte/mm^,  and  did  not  appear  to  be  influenced 
by  the  clinical  status  of  the  study  .subjects  as 
indicated  by  dclailol  neurological  and  neur^sy- 
chological  assasament.  Moreover,  (he  regi«S!iion 
lines  closely  resembled  the  lint  of  equivalence, 
with  slopes  nearly  equal  to  1  and  intercepts  nearly 
equal  to  0,  particularly  for  C04  and  CDS  cells 
and  CD4/CDS  ratio.  Thi.s  snggfests  that  the  pro¬ 
portions  of  T  cells  in  the  C$F  were  determined 


PERCENT  cos  LYIIPHOCYTES 


r^aWHERM.  81000 


Pcmxirr  coo  LYsniocrTcs 


PEtWHOUL  81000 


almost  entirely  by  the  proportions  present  in  the 
pertphenl  blood.  These  results  are  consistent  with 
recent  manual  immunocytochemica]  studies  which 
found  a  general  correlation  between  C04/CDg 
ratios  in  CSF  and  peripheral  blood  in  four  cases 
of  AIDS  (Steck  and  de  Flaugergues,  1987)  and  in 
31  III V-1 -infected  individuals  with  a  varied  of 
neurologic  disorders  (McArthur  et  aL,  l$t87, 
1988b).  These  data  suggest  that  sdective  recruit¬ 
ment  of  specific  T  cell  populations  to  the  CSF, 
and/or  prolifcratico  of  these  populations  in  the 
CSF.  do  not  play  a  primary  rote  in  the  pathogene¬ 
sis  of  HFV-l-related  neurologica]  disorders.  Our 
results  also  have  the  support  of  a  recent  study  in 
which  peripheral  blood  lymphocytes  from  patients 
with  multiple  sctcfoais  were  labeDed  in  vivo  with 


PERCENT  COS  LYUPHOCTTES 


Fie.  1.  TJnmr  of  T  c«U  sobset  praportioRi  (d-C)Md  CD4/CDI<P)  lalio  in  peri|ilMnl  btood  (boiinnlBl  ■x«)agsiiut 

th«  fiorrMfmntfSna  mMAmMMiis  in  ngrebreipbMil  fluid  (vciUcd  Mict),  LcaK-tquMCf  TC|ICtlio«  Gna  an  ihown.  Tbe  raaiwkiii  and 
conclatkm coaffidMls  an  B (dloui;  A:  y*  19.12  1  0.7Sjr;  rmO.Kl;  9:  y»0.S8  +  0.98x;  r-0.96:  C;  0.92a:  r>-0.94: 

n;  y-  -0.003 -t-I.OXjr;  r-0.9a. 
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KRCSNTAOSS  OF  LYMPHOCnSS  EXFItESSINO  t  CELL  MAIUCBIIS  IN  PEUFHEKAL  BLOOD  (FB>  AND 
CBKEBROSFINAL  FLUID  (C8F)  <»>  STUDY  SUBIBCIS 


Onisp 

CD3 

OM 

CDS 

CtM/CDB  ratio 

FB 

CSF 

FB 

CSF 

PB 

CBF 

PB 

CSF 

r 

SM* 

ms 

4U 

423 

243 

223 

1.95 

L12 

<—■ 

<5.7)* 

•ns 

(5.0) 

7ld 

04) 

m 

(5^ 

»3 

(740 

«9 

(92) 

aid 

(0.75) 

0J8 

(0.7«) 

OJI 

<S.l) 

(S^ 

Oje> 

(7.1) 

(10.5) 

013) 

«0l4l) 

(039) 

NFliniBm* 

7sn 

75.9 

27.2 

273 

44.7 

4C1 

0.74 

070 

<dJ> 

00.7) 

mm 

(1*4) 

047) 

<035) 

ltSi> 

SI  4) 

ISO 

ns 

S23 

57.0 

0l29 

031 

76J 

7&S 

las 

120 

S34> 

S9jD 

0.1K 

023 

MV-l  mulopsrtiy 

73b7 

75.5 

31.7 

sao 

37.7 

443 

ftVO 

0.S4 

<*-3) 

01.9) 

(9J) 

(174) 

mm 

(94) 

003) 

(o-ai) 

(0.72) 

niMiinlia 

7A.9 

77.7 

aid* 

5ai 

49.9 

049 

034 

OW) 

(7^ 

(7.7) 

(*>« 

(113) 

049) 

(P30) 

(049) 

•  F-au02l  iflAmiMiMRl  4o  >UWl|KMiill'WC  JPO^Ipi 


OKT-11  moiKMleBal  aniIb<M^,  ud  T  ccU  per* 
oenuies  in  CSF  and  pcdphcnl  blood  did  not 
differ  (HaHer  and  Wonv,  1987). 


ocnfDiiS  systom  may  dldt  dlffereni  pattenw  of  T 
cdl  uaffidiing  into  the  CST  than  otte  infeetktoa. 
or  that  the  ability  of  T  odls  Cnun  HlV-l-infeotad 


ports  deaBn;  with  duorden  unrelated  to  IIIV-1 
tnBwrjtnw  whicli  indioeted  that  the  proportion  Of  T 
cellM  is  hifdwr  in  CSF  than  in  peripheral  blood.  In 
additioih  a  wide  variety  of  neiinilagiaal  oonditioaa 
have  bc«  reportad  to  he  chereatarlned  by  relative 
increases  in  tqpceific  T  cell  mihaets  in  the  C$P  as 
conqMued  tothepeiipfaeralblood:  cither  the  Cod'* 
subset  (Sandbcu-Woltheim,  1979;  Fiyden,  1977; 
Brinlcmm  ct  el.,  1983;  Hauser  et  aL,  1983;  Criffin 
ct  aL,  1983;  Jedmeon  at  a1.,  1986;  yuoeswioius  and 


Rynes,  1989;  Stem  et  al.,  1987)  or  the  CDS  subset 
(Mairosu  et  al.,  1983;  OdonkowSkn  el  al.,  1989; 


Johnson  et  at,  1986;  Ridiert  et  et,  1987).  In 
particular,  Vandenbarir  ct  at  (1^^)  wpnrted  that 
elevated  propettiom  of  T  ceils  in  CSF  compared 
to  peripheral  blood  reflacied  sn  slevatiOB  oC 
CT>4-posilive  cells  in  specimens  oonlidiiiiif  >3 
ecOt/maf.  The  dlscrspency  between  these  resulu 
and  the  preaeni  liwlinpi  nn^  ha  due  to  method- 
ologlo  dUfersneea,  or  to  difterenoes  in  the  patient 
p<ipMlatinns  studied.  In  the  latter  rsspeet,  it  is 
possible  that  HIV-l  iafsetioo  of  the  oentnl 


duoed  Gon^arad  to  edb  {tom  HlV-l-ittg8tivB  m- 
dMduals  with  other  infieotloos  uf  the  central 
novous  qrsteni.  Further  studies  involving  funo- 
riopBl  as  wdl  as  phenotypic  duKactarizathn  of 
CSF  lya^toqrtea,  and  analyses  of  individual  sub¬ 
jects  over  thne,  be  nooessaiy  to  resolve  these 
qoertona. 

In  the  praasnt  study  there  was  a  progressive 
decrease  in  pcepuetion  of  CD4  tymphocytas  in  the 
peri^mal  blo^  and  heuoe  the  CSF,  when  the 
scroporithw  groups  with  no  synqttoma,  non- 
spedfle  neoropsydiolagiGai  ahnnnnalities,  and  de- 
mcotia  wctooonpirod.  TMs  trend  was  sutisticany 
significaDt,  suggimiiag  that  the  praportion  of  CD4 
cells  in  these  omnpartmanss  may  halp  daiarmine 
the  progreasion  of  HIV-1  infacdon  of  the  central 
nervous  syncaL  In  this  study,  exandnaikm  of  the 
CSF  did  not  appear  to  add  rignlflcant  information 
to  anatyris  of  pertyheral  Mood.  Hewuvur,  the  poe- 
ribility  remains  that  chengns  in  CSF  that  are 
indepcadant  of  changes  in  pewyhsral  blood  aiay 
occur  in  some  individoala  and  aiay  he4>  identify 
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tUV-l-iofocted  individiuls  witb  progressive  aeu- 
ropeychologica]  disease.  In  addition,  it  is  possible 
that  other  markers  not  examitted  in  this  study  may 
differ  between  peripheral  blood  and  CSF,  a.s  was 
observed  in  a  study  comparing  peripheral  blood 
and  bronchoslvec^r  lavage  fluid  (Davidson  et  al., 
ISWS).  Further  analyses  nf  nur  study  population 
will  lielp  to  darily  these  points  and  to  determine 
the  extent  (v  which  nonspecthe  neuropsyeholo^- 
cal  abnormalities  in  HlV«l>poiitivc  homosexual 
men  arc  due  to  HlV-1  nlhcr  than  other,  poien* 
tially  nnnpmgrcssivc  factors  (eg.,  alcohol  or  drug 
use). 
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Limiting  Dilution  Analysis  of  in  WVo-Activated 
(IL-2  Responsive)  Peripheral  Blood  Lymphocytes 
In  HIV-1 -Infected  Subjects' 

Albert  D.  DoNNENBERG,*  t  Joseph  B.  MxRGOLicK.f  and  B.  Frank  Polk§’^ 

*The  Johns  Hopkins  University  School  of  Medicine.  Oncology  Center,  Bone  Marrow 
Transplantation  Program  and  tThe  Johns  Hopkins  University  School  of  Public  Health, 
Departments  of  Immunology  and  Infectious  Diseases,  tEnvironmental  Health  Sciences,  and 
§Epidemiology,  Baltimore.  Maryland  21205 

The  progression  of  infection  with  human  immunodeficiency  virus,  type  I  (HIV-I),  is 
associated  with  a  loss  of  helper  T  cell  function,  but  the  mechanism  for  this  loss  (e.g., 
decreased  absolute  number  of  helper  ceUs,  altered  function  of  helper  cells,  or  both)  has 
not  been  delineated.  Many  studies  have  suggested  that  T-cell  production  of  and/or  re¬ 
sponsiveness  to  the  T  cell  growth  factor  interleuiun-2  (lL-2)  declines  over  the  course  of 
HIV-I  infection.  Using  a  highly  quantitative  6-day  limiting  dilution  assay  (LDA),  we 
investigated  whether  the  number  and  the  proliferative  capacity  of  circulating  IL-2  re¬ 
sponsive  cells  in  patients  with  AIDS  differ  from  those  in  patients  in  earlier  stages  of 
HIV-I  infection  (asymptomatic  or  AIDS-related  complex)  and  healthy  seronegative  in¬ 
dividuals.  The  frequency  of  IL-2  responsive  cells  declined  progressively  in  asymptom¬ 
atic  seropositive  subjects,  those  with  ARC,  and  those  with  AIDS.  In  contrast,  the  pro¬ 
liferative  capacity  of  individual  IL-2  responsive  cells,  as  reflected  by  the  magnitude  of 
thymidine  uptake  per  precursor,  was  reduced  only  in  patients  with  frank  AIDS  and  was 
normal  in  asymptomatic  subjects  and  in  those  with  ARC.  These  results  suggest  that  the 
development  of  AIDS  in  the  setting  of  HIV-1  infection  may  reflect  a  combination  of 
qualitative  as  well  as  quantitative  changes  in  lymphocyte  function.  They  also  suggest  that 
analysis  of  lymphocyte  responsiveness  to  IL-2  may  provide  a  useful  approach  to  pre¬ 
diction  of  the  development  of  AIDS  in  individuals  infected  with  HIV-1,  e  I9S»  Kaoamt 

Prejs.  Inc. 


INTRODUCTION 

Several  lines  of  evidence  indicate  that  decreased  responsiveness  to  antigenic 
stimulation  is  critical  to  the  development  of  AIDS,  as  demarcated  by  the  onset  of 
opportunistic  illnesses.  The  lack  of  antigen-induced  T  cell  functions  such  as  pro¬ 
liferation  (1,  2)  and  lymphokine  production  (1,  3)  appears  to  distinguish  most 
reliably  between  HIV- 1 -infected  individutds  with  AIDS  and  those  who  do  not 
have  AIDS  by  clinical  criteria.  In  addition,  Murray  et  al.  (4)  reported  that  antigen- 
induced  production  of  interferon-y  was  more  strongly  associated  with  progression 
of  AIDS-related  complex  to  frank  AIDS  within  I  year  than  was  CD4  cell  number. 

The  mechanisms  responsible  for  this  loss  of  antigen-induced  immunity  have  not 
been  fully  defined.  However,  a  defect  in  the  function  of  CD4-I-  helper  T  cells, 
which  play  a  pivotal  role  in  the  induction  of  antigen-specific  immune  responses, 

'  This  work  was  supponed  by  contract  DAMD  I7-88-C-8029  from  the  U.S.  Amy  and  BRSG  Grant 
1 2-86  from  Johns  Hopkins  University.  Dr.  Donnenbeig  is  the  recipient  of  a  Caiter-Wallace  Fellowship. 

^  Dr.  B.  Frank  Polk  died  on  October  II,  1988.  This  article  is  dedicated  to  his  memory. 
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has  been  implicated.  Such  a  defect  could  be  due  to  either  decreased  number  or 
altered  function  of  the  CD4  cell  population.  Although  a  decrease  in  the  number  of 
CD4  lymphocytes  is  statistically  associated  with  the  development  of  AIDS  (5),  the  ' 
range  of  CD4  numbers  present  at  the  time  of  development  of  AIDS  is  great, 
suggesting  that  functional  as  well  as  numerical  changes  in  CD4  cells  contribute  to 
the  onset  of  AIDS.  Thus,  Lane  et  al.  (2)  found  that  defective  antigen-induced 
proliferation  of  CD4  lymphocytes  from  patients  with  AIDS  persisted  even  after 
isolation  of  CE>4  cells  and  adjustment  in  vitro  to  the  same  proportions  of  CD4  cells 
and  autologous  antigen-presenting  cells  as  control  subjects.  In  contrast,  CD4 
lymphocytes  isolated  from  AIDS  patients  exhibited  normal  production  of  and 
responsiveness  to  interleukin-2  (IL-2)  after  mitogen  stimulation.  Giorgi  et  al.  (6) 
reported  that  antigen-induced  lymphocyte  proliferation,  when  adjusted  for  the 
number  of  circulating  CE)4  cells,  was  normal  in  short-term  seropositive  subjects 
and  most  long-term  seropositive  subjects,  and  absent  in  the  vast  majority  of 
patients  with  AIDS.  Of  note,  three  of  four  long-term  seropositive  subjects  who 
had  absent  antigen-induced  proliferation  developed  AIDS  within  4  months  of  the 
study,  strongly  suggesting  that  an  event  critical  to  disease  progression  was  asso¬ 
ciated  with  the  loss  of  antigen-induced  lymphoproliferative  responses.  Using  flow 
cytometry.  Prince  et  al.  (7)  demonstrated  decreased  expression  of  interleukin-2 
receptors  (IL-2R)  by  individual  T  cells  after  antigenic  stimulation  of  peripheral 
blood  mononuclear  cells  in  vitro.  Maggi  et  al.  (8)  reported  decreased  production 
of  IL-2  by  cloned  T  cells  from  patients  with  AIDS  as  opposed  to  those  from 
healthy  donors. 

Taken  together,  these  data  support  the  hypothesis  that  defective  production  of 
and/or  responsiveness  to  IL-2  by  individual  CD4+  cells  after  antigenic  stimula¬ 
tion  play  an  important  role  in  AIDS  pathogenesis.  The  present  study  was  there¬ 
fore  undertaken  to  determine  whether  the  number  and/or  proliferative  capacity  of 
circulating  IL-2  responsive  cells  differ  i:  patients  with  AIDS  as  compared  to  those 
in  earlier  stages  of  HIV-1  infection. 

MATERIALS  AND  METHODS 

Patients.  Patients  were  seen  at  the  Moore  Clinic  of  The  Johns  Hopkins  Hospital 
from  February  to  April,  1986  and  were  classified  as  having  no  symptoms.  AIDS- 
related  complex,  or  AIDS  according  to  the  CDC  criteria  (9).  Peripheral  blood  was 
drawn  during  routine  clinic  visits.  Control  subjects  were  Johns  Hopkins  students 
and  employees  who  denied  belonging  to  HIV  risk  groups.  Control  and  HlV-1 
seropositive  subjects  were  matched  for  age  and  sex.  Informed  consent  was  ob¬ 
tained  from  all  study  participants  according  to  a  protocol  approved  by  the  Johns 
Hopkins  Joint  Committee  for  Clinical  Investigation. 

Limiting  dilution  analysis  (LDA)  of  IL-2  responsive  cells.  LDA  of  lymphocyte 
proliferation  was  used  to  estimate  the  proportion  of  IL-2R-bearing  circulating  T 
lymphocytes.  Assays  were  performed  in  U-bottom  96-wcII  plates  (Linbro).  Pe¬ 
ripheral  blood  mononuclear  leukocytes  (PBML),  obtained  from  Ficoll-Hypaque 
separated  peripheral  blood,  were  serially  diluted  in  complete  medium  (CM)  con¬ 
sisting  of  RPMI  1640,  10%  heat-inactivated  human  AB  serum,  2  mM  L-glutamine, 
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10  fnAf  Hepes  buffer,  50  iJig/ml  gentamicin,  100  U/ml  penicillin,  and  5  x  10"’  M 
2-mercaptoethanol.  CM  for  experimental  wells  was  supplemented  with  25% 
MLA-144  supernatant  (12.5  units/ml  of  IL-2  final  concentration).  MLA-t44,  a 
gibbon  lymphoma  line  which  constitutively  secretes  lL-2  (10)  but  not  IL-I  or 
interferons  (H.  Rabin,  persona)  communication),  was  also  grown  in  CM.  Under 
the  assay  conditions  used  for  these  studies,  MLA-144  supernatant-induced  pro¬ 
liferation  of  human  PBML  could  be  completely  abrogated  by  the  addition  of 
monoclonal  antibody  to  the  IL-2  receptor  (anti-CD25  antibody,  50  ng/ml).  Our 
preparation  of  MLA-144  supernatant  also  failed  to  sustain  hematopoietic  colony 
growth  of  human  bone  marrow. 

Approximate  log-linearity  of  the  assay  in  the  absence  of  a  constant  concentra¬ 
tion  of  feeder  cells  was  confirmed  in  the  first  two  experiments,  in  which  we 
assessed  16  serial  twofold  dilutions  ranging  from  80,0(X)  to  2.45  cells/well,  with  12 
replicates/dilution.  In  subsequent  experiments,  we  used  8  fourfold  dilutions  rang¬ 
ing  from  80.000  to  4.9  cells/well.  ControL cultures  without  IL-2  were  plated  in 
sextuplicate  at  each  cell  dilution.  Cultures  were  incubated  at  37°C,  5%  CO2  humid 
atmosphere.  On  Day  6  each  well  received  0.5  (xCi  of  methyl-tritiated  thymidine 
and  was  harvested  4  hr  later  onto  glass  fiber  filters  (Whatman  GF/A)  with  a 
multiple  automatic  sample  harvester  (Mini-Mash  II,  Whittaker  M.  A.  Bioproducts. 
Walkersville,  MA).  The  thymidine  uptake  was  measured  by  liquid  scintillation 
spectrometry.  Experimental  wells  were  scored  as  positive  or  negative  by  com¬ 
parison  to  CPM  incorporated  in  control  cultures  (without  IL-2)  assayed  at  the 
same  cell  concentration.  A  well  was  considered  positive  if  it  exceeded  the  greater 
of  the  genometric  mean  control  counts  per  minute  (CPM)  plus  three  standard 
deviations  or  500  cpm. 

The  frequency  of  IL-2  responsive  ceils  was  estimated  by  a  two-step  procedure 
(11)  which  was  based  on  the  method  of  Taswell  (12).  Briefly,  a  preliminary  esti¬ 
mate  was  made  by  determining  the  slope  of  the  least  squares  line  of  best  fit  of  the 
log  fraction  negative  wells  versus  the  responder  cell  concentration.  The  frequency 
was  then  determined  by  the  maximum  likelihood  approach  using  the  least  squares 
estimate  as  an  initial  value.  Net  cpm  per  well  was  obtained  by  subtracting  back¬ 
ground  cpm  from  experimental  cpm,  where  background  cpm  represents  an  N 
weighted  mean  of  control  cpm  {N  =  6)  and  cpm  obtained  in  negative  experimental 
wells.  Precursors  per  positive  well  were  calculated  from  the  LDA  frequency 
estimate  and  approaches  unity  at  limiting  dilution.  Net  counts  per  minute  per 
precursor  (net  cpmp)  were  calculated  at  each  cell  concentration  by  dividing  the 
net  cmp  in  each  positive  well  by  the  average  number  of  precursors  per  positive 
well. 

Statistics.  Statistical  analysis  was  performed  on  a  personal  computer  (PCs  Lim¬ 
ited  286,  Austin,  TX)  using  SYSTAT  Data,  MGLH,  Stats,  and  Graph  modules 
(SYSTAT  Inc.,  Evanston,  IL).  The  parameters  net  cpm,  net  cpmp,  and  precursor 
frequency  were  approximately  log  normal  in  distribution  as  determined  by  prob¬ 
ability  plots,  and  were  log  transformed  prior  to  analysis.  A  limiting  dilution  anal¬ 
ysis  was  performed  using  software  developed  in-house  with  the  assistance  of  Dr. 
Ronald  Brookmeyer,  Johns  Hopkins  University  School  of  Public  Health,  Depart¬ 
ment  of  Biostatistics. 
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RESULTS 

The  frequency  of  IL^2  responsive  PBML  was  assayed  concurrently  in  10  sero¬ 
negative  nonrisk  group  members  and  a  total  of  20  HIV-1  serpositive  subjects  (7 
asymptomatic,  5  with  ARC,  and  8  with  AIDS).  All  subjects  were  tested  on  a  single 
occasion.  All  demonstrated  IL-2  responsive  cells  as  indicated  by  significant  triti- 
ated  thymidine  uptake  compared  to  control  cultures  incubated  without  IL-2. 
However,  there  was  a  progressive  decline  in  both  the  frequency  of  IL-2  respon¬ 
sive  cells  at  time  0  (precursors)  and  the  magnitude  of  thymidine  uptake  by  pro¬ 
liferating  lymphocytes  on  Day  6  (net  cpm/well)  in  relation  to  the  clinical  stage  of 
HIV-1  infection  (Fig.  1).  Precursor  frequency  and  net  thymidine  uptake  were  well 
correlated  over  the  entire  study  population  (r  =  0.893,  P  <  0.001)  and  within  each 
of  the  HIV-1  seropositive  clinical  groups  (r  =  0.945,  P  =  0.001  for  asymptomatic; 
r  =  0.936,  P  =  0.019  for  ARC;  and  r  =  0.883,  P  =  0.004  for  AIDS),  but  not  in 
the  seronegative  control  group,  (r  =  0.133,  P  =  0.741). 

Thymidine  uptake  at  8  x  10*  cells/well  and  LDA  estimates  of  precursor  fre¬ 
quencies  of  IL-2  responsive  PBML  were  compared  between  clinical  groups  by 
ANOVA.  Although  both  assays  detected  the  same  overall  trend  (Fig.  1),  LDA 
was  more  sensitive  for  detecting  differences  among  the  clinical  groups  (Table  1). 
Specifically,  precursor  frequencies  of  control  subjects  differed  significantly  from 
those  of  all  HIV-1  seropositive  subject  groups.  In  contrast,  the  measurement  of 
thymidine  uptake  alone  revealed  no  significant  differences  between  seronegative 
subjects  and  HIV-1  seropositive  subjects  who  either  were  asymptomatic  or  had 
ARC.  Highly  significant  differences  between  control  subjects  and  AIDS  patients 
were  detected  by  both  methods  {P  <  0.001). 

The  above  analyses  suggested  a  quantitative  change  in  circulating  lL-2  respon¬ 
sive  cells  as  a  function  of  disease  progression.  In  order  to  determine  whether  these 
cells  also  undergo  a  qualitative  change  in  IL-2  responsiveness  (i.e.,  a  decrease  in 
proliferative  capacity),  we  estimated  the  magnitude  of  thymidine  uptake  on  a  per 


Fig.  1.  Correlation  between  LDA  frequency  of  IL-2  responsive  PBML  and  thymidine  uptake  per 
well  (8  X  10*  cells/well).  Symbol  size  reflects  the  stage  of  HIV-I  disease  with  the  smallest  circles 
representing  responses  of  seronegative  controls  and  the  largest  indicating  those  of  AIDS  patients. 
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TABLE  1 

Thymidine  Uptake  pee  Well  and  Peecuesoe  Feequency  of  IL-2  Responsive  Peeipheeal  . 
Blood  Mononucleae  Cells  by  Cunical  Geoup 


Group 

N 

Net  cpmao' 

Precursor 

ftequency* 

Seronegative 

10 

33.3  (22.9,  48.5) 

524  (347,  790) 

Seropositive 

7 

18.2  (11.6,28.5) 

206  (126,  336)* 

Asymptomatic 

ARC 

5 

16.2  (9.5,  27.4) 

157  (88,  280)** 

AIDS 

8 

2.7  (1.8,  4.0)”* 

62  (39,  98)*** 

Note.  Asterisks  indicate  significance  of  differences  between  HIV-1  positive  groups  and  the  sero¬ 
negative  subjects:  •P  <  0.05;  •*P  <  0.025;  *••/►  <  0.001. 

'  Geometric  mean  net  cpm  in  thousands,  measured  at  the  highest  cell  concentiatioa  tested  (80,000 
cells/well).  Parentheses  indicate  lower  and  upper  95%  confidence  intervals  about  the  mean  as  deter¬ 
mined  by  ANOVA. 

*  Proportion  of  PBML  responsive  to  lL-2  in  the  absence  of  antigen  expressed  as  numbo’  of  respon¬ 
sive  cells  per  million  PBML  as  measured  by  limiting  dilution  analysis.  Parentheses  indicate  lower  and 
upper  95%  confidence  intervals. 


precursor  basis.  For  each  subject,  the  average  number  of  IL-2  responsive  cells 
plated  at  each  dilution  was  calculated  from  the  LDA  frequency  estimate  as  de¬ 
scribed  above.  The  net  cpm/precursor  (net  cpmp)  were  then  computed  for  each 
cell  dilution  by  dividing  the  net  cpm  in  positive  wells  by  the  estimated  number  of 
precursors  plated  per  positive  weO.  The  results  of  this  analysis  are  shown  in  Fig. 
2.  Net  cpmp  were  dependent  on  culture  density,  but  at  any  given  density  was 
indistinguishable  among  controls,  seropositive  asymptomatics,  and  individuals 
with  ARC  (Fig.  2;  /*  =  0.280  by  ANOVA).  In  contrast,  PBML  from  AIDS  patients 
had  significantly  lower  net  cpmp  than  members  of  the  other  groups  {P  <  0.001). 


P8ML  plEtBd  p«f  w*l 

Fio.  2.  Thymidiiie  uptake  (net  cpm)  per  lL-2  responsive  precursor  expressed  as  a  ftmctioa  of  the 
numberofPBML  plated  per  well.  Net  cpm  per  precursor  were  calculated  as  described  under  Materials 
and  Methods.  Symbol  size  indicates  disease  stage  as  indicated  in  Fig.  1. 
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In  addition,  net  cpmp  did  not  increase  significantly  as  a  function  of  cell  density  in 
the  AIDS  group  as  it  did  in  ail  of  the  other  groups. 

The  failure  to  detect  a  relationship  between  cell  concentration  and  net  cpmp  in 
AIDS  PBML  does  not  reflect  a  dose-response  curve  shift,  since  the  difference  in 
mean  precursor  frequencies  between  ARC  and  AIDS  patients  is  only  6-fold  (Table 
1).  A  minimum  of  two  4-fold  higher  dilution  steps  (16-fold)  would  be  required  to 
bring  the  results  observed  using  AIDS  PBML  into  register  with  those  obtained  in 
the  other  clinical  groups  (Fig.  2). 

DISCUSSION 

Proliferation  of  activated  T  ceils  requires  the  growth  factor  IL-2  and  the  ex¬ 
pression  of  specific  1L-2R.  Since  IL-2R  are  not  expressed  on  resting  T  cells,  the 
proportion  of  cells  which  proliferate  in  vitro  in  the  presence  of  IL-2  without 
exogenous  activation  signals  (i.e.,  antigen,  alloantigen,  or  mitogen)  reflects  the 
number  of  T  cells  bearing  functional  IL-2R  in  vivo.  With  this  in  mind,  we  quan¬ 
tified  IL-2  responsive  cells  by  LDA  to  determine  the  number  of  in  vivo-activated 
T  cells  in  the  peripheral  circulation  of  subjects  in  various  stages  of  HIV-1  infec¬ 
tions  as  well  as  in  seronegative  controls. 

Two  types  of  differences  in  T  cell  responsiveness  to  IL-2  were  present  in  the 
HIV-l-infected  individuals  as  compared  to  the  seronegative  controls.  First,  ap¬ 
parent  frequencies  of  lL-2  responsive  cells  declined  progressively  according  to 
the  stage  of  HIV-1  infection.  Second,  the  IL-2  responsive  T  cells  from  subjects 
with  AIDS  also  exhibited  a  decrease  in  their  capacity  to  proliferate  in  response  to 
IL-2.  This  decrease  was  not  observed  in  the  other  seropositive  subjects.  These 
observations  suggest  that  while  decreases  in  the  number  of  activated  (IL-2  re¬ 
sponsive)  cells  may  occur  in  vivo  in  the  “early”  stages  of  HIV-1  infection,  a 
further  decrease  in  the  proliferative  capacity  of  the  surviving  IL-2  responsive  cells 
is  associated  with  the  onset  of  fnuik  AIDS.  These  results  extend  our  previous 
findings  and  those  of  other  investigators  who  have  shown  decreased  T  cell  colony 
formation  (1,  13)  and  cloning  efficiency  (8,  14)  in  association  with  AIDS. 

Several  mechanisms  could  explain  the  decreased  responsiveness  observed  in 
the  present  study,  reflecting  either  the  history  of  the  activated  cell  in  vivo  or 
subsequent  events  occurring  during  the  6-day  period  of  in  vitro  cultivation.  Pos¬ 
sible  inhibitory  events  occurring  in  vivo  include  decreased  accessory  cell  function 
(15r  16),  exposure  to  inhibitory  serum  factors  (17,  18),  HIV-1  (19-21),  or  peptides 
with  homology  to  HIV-1  (22).  Alternatively,  the  development  of  intrinsic  defects 
in  T  ceil  activation  and/or  differentiation  could  result  in  the  decreased  expression 
of  IL-2R  (7).  Finally,  the  observed  results  could  be  explained  by  the  selective 
depletion  in  AIDS  of  subpopulations  that  are  capable  of  proliferating  vigorously  in 
response  to  IL-2,  resulting  in  a  higher  proportion  of  cells  which  respond  with  slow 
kinetics. 

Possible  factors  that  could  act  in  vitro  to  contribute  to  the  observed  decrease  in 
proliferative  capacity  include  abnormal  regulation  of  IL-2R  number  and  function 
(7,  23,  24),  elaboration  of  suppressor  or  cytotoxic  factors  (2S)  which  could  inhibit 
IL-2  production  and  receptor  function  (18,  26),  or  induction  of  latent  HIV-1  gene 
products  concomitant  to  IL-2-induced  proliferation  (27).  A  role  for  accessory  cells 
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in.  vitro  is  unlikely  in  view  of  the  one-hit  limiting  dilution  curves  obtained  and  the 
fact  that  lL-2-induced  proliferation  of  IL-2R-bearing  lymphocytes  is  independent 
of  accessory  cells. 

In  addition  to  identifying  an  AlDS-related  functional  defect  in  in  vivo-activated 
T  cells,  this  study  quantified  these  cells  in  vitro  by  functional  criteria.  The  decline 
in  the  number  of  in  v;vo-activated  cells  as  a  function  of  disease  stage  may  indicate 
a  progressive  reduction  in  the  baseline  activity  of  the  immune  system.  When  this 
reduction  reaches  a  critical  level,  other  qualitative  changes  related  to  the  onset  of 
AIDS  may  occur  as  well.  Thus  the  incapacitation  of  the  immune  system  that 
occurs  when  AIDS  supervenes  may  reflect  a  combination  of  qualitative  as  well  as 
quantitative  changes  in  lymphocyte  function.  In  addition,  the  observed  decrease 
in  circulating  activated  T  cells  with  an  increasing  stage  of  HIV-1  infection  is 
consistent  with  the  interpretation  that  activated  T  cells  are  not  the  primary  res¬ 
ervoir  of  HIV-1  infection  in  vivo. 
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Huinaa  «y  vime  type  1  (HTV>l)-iB<!DCted 

patients  with  nao-Hodgkia  lymphoma  an  rlsmiaed  as  hav* 
tng  the  acquirad  immnnodeflciency  syndroma  (AIDS). 
Allogeneic  bone  marrow  tranaplantadon  is  a  iiirnmflil  ther* 
spy  for  patients  with  lymphoma  who  have  a  poor 
Combined  therapy  with  alloganaic  boos  marrow  transplaa* 
tation  and  the  antiviral  drug  ridovndine  has  the  p«*— «*«» 
advantage  of  protecting  the  new  donor  hematopoietic  lym- 
phoid  and  monacyte>maeraphate  cells  from  HIV<1  infec¬ 
tion.  A  ei-year-oid  man  inftetad  with  HlV-1  who  had  lym¬ 
phoma  was  treated  with  high-doae  cyclophosphamide  and 
total  body  irradiaiion  followed  by  allogeneic  bone  marrow 
tranaplantation,  Before  tranaplentaiion  he  received  high- 
dose  lidovudine  for  2  weeks  (S  mg/kg  body  weight  intravo- 
noualy  every  4  bouts)  and  after  tranaplantatinn  he  received 
a  lower  maintenance  dcae  (1.33  mg/tg  body  weight  intravw- 
nously  every  4  hours).  No  untoward  toaicitiee  attribuiabia 
to  zidovudine  were  observed.  Bone  marrow  engraftment  oc¬ 
curred  on  day  17.  ChromosoaM  and  restrictian  fragment 
length  polymorphism  ioalyaee  demonstrated  complete  chim- 
erism.  Peripheral  Mood  nmnonuclear  cells  and  bone  marrow 
samfilcs  were  negative  for  HIV-1  by  culture  and  polymaraas 
chain  reaction  gens  ampUSeatfon  32  days  after  traasphaun- 
tion.  The  patient  died  47  days  after  tmnsplaatatiaa  becaam 
of  tumor  relapaa.  Analysis  of  autopsy  dans  rhowed  no  evi- 
denoe  of  HIV-I  by  eithsr  culture  (brain,  boos  marrow, 
lymph  njods,  and  tumor  ipecimsna)  or  by  polymerase  chant 
reaction  gene  ampUBcaden  for  HIV-I  RNA  and  ONA  se¬ 
quences  (brain,  bone  marrow,  heart,  kidney,  liver,  hmg,  rae- 
toaigmoid.  spleen,  and  tumor  specimens).  Immunologic 
monitoring  showed  loss  of  HIV-I  andbody.  AdofKive  inunu- 
notogic  tranafor  was  shown  to  be  presmt  to  both  tetanus  aiM 
diphtheria  andgens.  Our  case  nigger tr  that  the  HlV-l-infsct- 
ed  recipient  cells  may  have  been  eradicated  secondary  to  tha 
bone  marrow  abladvc  chemo-radiothcra|iy  and  that  zidovu¬ 
dine  may  be  able  to  prevent  the  estaMiahment  of  HIV-I  in¬ 
fection  in  donor  hematopoiede-lymphoid  cells. 

AttnMlB  of  tuternsJ  Medkin*.  1989;111:973-981. 

From  The  Johns  Hofikins  School  of  Medicine,  Baltimore, 
Maryland;  the  City  of  Hope  National  Medical  Center. 
Duarte,  California;  and  tha  Food  and  Drug  Administration. 
Betheada,  Maryland.  For  currant  author  -  jilnresi.  sm  and 
of  teat. 


Vina  type  1  (HIV.l)  Ma 
retrevina  that  infacM  CD4-t-  T-odl  lymphocytea  (t* 
6)  and  other  booe  marroar-derived  odli  iiichidim  aa^- 

(8),  mierotiial  eeila  (9),  and  B-lymphoqrtca  tnaa- 
fomad  by  Epateni-Barr  vina  (10,  11).  Infectioa  wiA 
fOV-l  can  neah  in  the  acqnifad  rnimmiiw 

dedeaney  tyndrome  (AIDS). 

Reetmatian  of  the  ndhilnr  immune  system  in  tha 
setting  of  HlV-l  inlheliaa  has  been  attempted.  Bone- 
marroir  and  lymphocyte  inftaians  in  paticna  infheted 
with  HIV-1  have  rcenlted  in  tmaient  improvement  of 
some  in-vitro  »"»«""«*  parameten,  but  no  signifleant 
clinkal  benedt  or  edbets  in  patienM  trith  HIV-1  inlie^ 
tion  have  bean  ehown  (12-14).  ABogimaic  and  ijnge 
neic  booe  marrow  tranaplantation  have  alao  been  crol  ■ 
itated  but  Ihil  to  prevent  HIV-1  from  infectiag.  dim 
donor  anurow  graft  (IS-IS).  ZMovndinn  an  inhibiiBr 
of  the  retroviral  reveiia  tnaaciiptaae  procem,  ia  abim 
to  inhibit  HIV-1  repBcatitm  and  prevent  the  rttahliah 
meat  of  retroviral  infection  of  tminfccted  CD4-4-  lym¬ 
phocytes  (19). 

We  report  the  reeato  of  a  combined  modaUty  am- 
proadi  miag  allogeneiB  bona  marrow  transplantation 
and  adovudina  in  a  patiant  infected  with  I^-l  whp 
had  non-Hod^  lymphamn  (20-22).  We  need  a  bonn^ 
marrow  ablative  regiamn  (cyclophoephamide  and  t» 
tal  body  irradiatinn)  to  elfaninaia  both  lymphoma  celli 
and  HIV-l<ontaia^  heiiiatopoiatiri  lymphoid  cdla 
and  replaced  them  cella  with  bone  marrow  derivod 
from  tha  patient’s  histocompatibility  locus  antigen 
(HXJk)-idantical  donor.  Tha  patient  erm  maintained 
on  lidovudine  in  an  attempt  to  prevent  donor-derived 
bcmatopoictio-lymphoid  cella  from  becoming  infected 
by  HIV-1. 


A  41-year-old  man  wm  diagnoeert  as  having  HIV-1 
infection  and  malignant,  small  non-cleaved  undifferen¬ 
tiated  cell  lymphoma  (23).  He  presented  with  a  left 
axillary  mam  meaturing  20  x  23  cm  and  a  nuts  in  the 
liver  measuring  7x7  cm  (biopsy  positive  for  lym¬ 
phoma).  Cytologic  analysis  of  the  cerebrospinal  fluid 
wm  positive  for  tumor  cells;  bone  marrow  aspirate  wm 
nondiagnostic  for  lymphoma.  A  computed  tomo- 
graphie  scan  of  tha  head  wm  normal.  He  had  a  neuro- 
logie  examination  that  wm  normal  and  a  Kamofeky 
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perfomumce  score  of  100.  He  had  no  history  of  oppor¬ 
tunistic  infectkm.  Phenotypic  lymphocyte  studies 
showed  sn  absolute  T4-Gell  count  of  0.116  X  10^/L. 
After  chemotherspy  with  methotrexate,  bleoraycm. 
doxorubicin,  cyclophosphamide,  vincristine,  and  decsp 
dron;  and  intrathe^  chemotherapy  with  cytosine  srs* 
binoside  and  methotrexate,  no  tumor  was  detected  ex¬ 
cept  for  a  1-cm  left  axillary  node  (24).  After  beinf 
advised  of  the  potential  risks  and  benefits  of  marrow 
transplantatioa  and  administration  of  zidovudine,  he 
gave  informed  consent  in  accordance  with  the  guid^ 
lines  of  the  Joint  Committee  of  Clinical  Inveatifasioii 
of  The  Johns  Hopkins  University  School  of  Medicine. 

Zidovudine  was  begun  before  bone  marrow  trans¬ 
plantation  (day  — 14  through  day  —  1 )  at  a  dose  of  S 
mg/kg  body  weight  intravenously  every  4  hours  (giv¬ 
en  over  1  hour),  which  was  reduced  at  the  time  of 
marrow  inftision  (day  0)  to  1.33  mg/kg  body  weight 
intravenously  every  4  hours.  ZidovudiiM  was  given  as 
scheduled  except  on  day  12  when  the  dosage  was  r^ 
duced  for  24  hours  by  30%  because  of  transient  azote¬ 
mia  secondary  to  nephrotoxic  drugs  (cycloaporin. 
aminoglycosides,  and  amphotericin)  and  on  day  44 
when  two  doses  were  not  given.  The  preparative  regi¬ 
men  for  transplantation  included  cyctophoaphamidn, 
SO  mg/kg  d^y  given  intravenously  on  day  —9 
through  day  —3,  and  total  body  irradiation.  300  Oy 
per  day  on  day  —4  through  day  —  1  with  lung  studd¬ 
ing  on  day  —2  (23).  On  day  0  the  patient  received 
3.7  X  10*  nucleated  cells/kg  of  unmanipulated  donor 
marrow  harvested  from  his  HLA-idratical  ABO- 
compatible  sister.  Cyclosporin  was  adminiatered  as 
prophylaxis  for  graft-versus-hoat  disease,  as  luevioosiy 
reported  (26,  27).  Prophylactic  acyclovir  was  admin¬ 
istered  at  a  dose  of  300  mg/m^  body  surface  area  in¬ 
travenously  every  8  hours  beginning  on  day  —4  and 
was  continued  throughout  the  hospitalization. 

Although  the  patient  developed  profound  neutrope¬ 
nia  (neutrophil  count,  less  than  0.3  X  10*/L)  and  re- 
;  quired  empiric  antibiotic  therapy  for  fever  (tempera¬ 
ture  greater  than  38.3  ”0,  no  documented  becterial. 
fungal,  protozoal,  or  viral  infection  developed.  Mild, 
stage  I  graft-versus-host  disease  was  noted  after  trans- 
planution.  On  day  17  the  absolute  neutrophil  count 
rose  above  0.3  x  I0*/L.  Engraftment  studies  of  pe¬ 
ripheral  blood  cells  (day  17)  using  restrictioo 
ment  length  polymorphism  analysis  demonstrated 
complete  chimerism  of  donor  cell  origin,  (deteetian 


sensitivity,  99.9%)  (28/  29).  A  chromoaoma  analyaia 
of  bone  marrow  done  on  day  31  (two  mclaphaaea  ob¬ 
served;  n  ■■  46w  XX)  was  also  consistent  with  donor 
origin.  Platelet  counts  flrom  dasra  20  to  40  ranpad  fkom 
17  X  IQ^/L  to  47  X  lO^/L.  A  reticulocyte  count 
greater  than  2%  eras  not  achieved. 

The  patient  continoed  to  improve,  but  a  biopsy  ism 
pie  from  a  palpable  left  axillary  node  '*•■*■*—*  on  day 
39  showed  ncurrent  lymphoma  of  redpiant  origin,  as 
detenuned  by  restrietian  fragment  length  polymor¬ 
phism  analyaia.  The  patient  refttaed  ftirther  therapy, 
and  all  treatment  support  was  discontiaoed  except  ftar 
the  intravenous  zidovudine.  He  died  on  day  47  from 
respiratory  fhilure.  An  autopsy  was  dona.  The  gram 
examination  was  remarkable  for  a  tumor  mam  in  the 
left  axilla  measuring  3X4X4  cm.  Thera  were  no 
other  areas  of  grom  tumor  involvement  or  lymphado- 
nopathy,  and  the  brain  appeared  normal.  Barteeial, 
fiingal,  and  routine  viral  cultures  of  the  liver,  ipicen, 
kidney,  and  lung  were  all  negative.  There  wm  no  his¬ 
tologic  evidence  for  ftmgal,  viral,  myoobocterial,  or 
PaeumocjmiM  caixnd  infectioo.  Immunopriwxidaae 
staining  of  fresh  frozen  tumor  tissue  shoi^  strong 
staining  for  Leu  12.  Bl,  IgM.  and  lambda  li^  chains 
conaiatent  with  B-odl  lymphoma  (30).  Ificroaoopie 
foci  of  tumor  were  also  observed  in  spleen,  liver,  and 
kidney  tissue,  but  tumor  wm  not  obaerved  in  the 
brain.  Oraft-versua-hoet  disease  was  not  observed 
(27). 

Methods 

HlV-1  Cultures 

Peripheral  Mood  mowonwrlear  eeUs  and  autopsy  tianM  wars 
oocaltivatad  for  4  to  6  weeks  with  phytohiiiiiaigleiinia  irim 
ulatad  lymphocytes  from  a  paraon  who  was  ooe  mfiMad  with 
HIV-I.  PieaaaosofHIV-l  wm  dmarmiaad  by  a  p24  aatigaa- 
capture  asmy  and  by  reveim  traaaeriptaae  aamya  of  cakara 
suparaataats  (1.  2,  31).  ' 

HIV-1  p24  Antigen-Capture  Assay 

Abbott  (North  rhicagft  Illinois)  and  Du  Pont  (Wibning- 
too,  Delaware)  HIV-I  p24  entigen-detection  kits  were  need, 
and  aamys  were  doae  m  deecribed  by  the  manufreturer. 

HIV-l  Western  Blot 

Ueing  the  Biotach  Westara  immanoMot  kit  (Rocfcvilla 
Maryland)  and  tha  manafieemrar’s  ptocadure.  we  did  the 
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WeMara  Mali  bMcbi^riM-(32. 33>.  AmMrtaqpatB  mV 
prowiaa  (pl7.  p31.  gp41)  ww»  qooMiM  by  ionsa  aoalyiii 
of  immuiioMol  hondiin  pMMnw  and  waia  opraaad  as  rela¬ 
tive  area. 


Drug  Leveb  of  Zidovudine 

Peak  drug  levels  of  zidovudine  were  asaesaed  uaiiig  lerum 
and  Omaya  reservoir  ccrebrospiaal  ihiid  lamplca  (draam  10 
minutes  after  tbe  1  hour  of  oontianous  inftisioa  of  zidovu¬ 
dine  tvas  completed);  trougb  levels  (IS  minutes  before  the 
neat  zidovudine  dose)  were  also  deteniuned.  Zidovudine 
was  assayed  as  described  previously  (34). 


Polymerase  Chain  Reaction  Gene  Ampliflcation 

The  polymerase  chain  reaetkm  (Perkin-Elmer-Cetua,  Nor¬ 
walk.  Connecticut)  analyam  for  detecting  HIV-1  DNA  and 
RNA  LTR.  3'ORF.  gag-  and  env  mquences  were  done  as 
previously  described  (3S),  but  modified  for  divalent  cation 
concentration  optimal  for  Tag  1  polymerase  (36).  More  spe- 
ciftc  details  are  provided  in  the  Appendix. 


Immunologic  Assessment 

Serum  IgG  was  measured  by  nephelometry.  Tetanus  and 
diphtheria  toxoid-specifte  IgO  was  measured  by  enzyme- 
linked  immunosorbent  assay  (ELISA)  (37).  Antigen-specif¬ 
ic  in-vitro  lymphoproliferative  responses  were  siieiied  by 
thymidine  uptake  (37).  Lymphocyte  CD3,  CD4,  and  CDS 
determinations  were  done  using  flow  cytometry  and  com¬ 
mercially  available  reagents  (Becton  Dickinson.  Mountain 
View,  California). 


Autopsy 

A  complete  examination  after  death  was  done  in  a  sterile 
isolation  room  following  recommended  procedures  (38). 
Cultures  for  HIV-1  were  done  on  fresh  brain,  lymph  node, 
bone  marrow,  and  tumor.  Tissue  specimens  for  polymersae 
chain  reaction  gene  amplification  analysis  were  immediately 
frozen  to  —70  "C  and  included  coronal  bram  sections  (in¬ 
cluding  basal  ganglia)  and  samples  of  bone  marrow,  heart, 
liver,  lung,  lymph  nodes  (all  nodes  were  atrophic  and  erith- 
out  evidence  of  gross  tumor),  rectosigmoid,  spleen,  and  tu¬ 
mor. 


Results 

Zidovudine  Pharmacokinetics  and  HIV- 1  Detectioo 

The  patient  received  a  zidovudine  dose  of  S  mg/kg 
body  weight  every  4  hours  intravenously  before  trans- 
planution  and  a  dose  of  1.33  mg/kg  body  weight  ev¬ 
ery  4  hours  intravenously  after  transplanution.  Peak 
and  trough  serum  levels  of  zidovudine  before  trans¬ 
plantation  were  S.44  and  0.988  )imol/L,  respectively. 
Peak  and  trough  cerebrospinal  fluid  levels  of  zidovu¬ 
dine  before  transplanution  were  2.84  and  0.921 
pimol/L.  respectively.  Peak  and  trough  serum  levels  of 
zidovudine  after  transplanution  were  2.64  and  0.388 
^mol/L,  respectively.  Peak  and  trough  cerebrospinal 
fluid  levels  of  zidovudine  after  transplanution  were 
0.938  and  0.713  ^mol/L,  respectively. 

The  HIV-1  p24  antigen  asuys  of  the  patient’s  serum 
were  done  before  transplanution  and  weekly  thereaf¬ 
ter.  All  samples  were  negative  for  p24  antigen.  Cere- 


brospiiial  fluid  —3  aui»di^ 

-1-24  erere  negative. 

A  culture  of  peripheral  blood  monoBUclear  cells  waa- 
HIV-1  positive  24  days  before  bone  marrow  tranapln» 
tatioa  (Table  1).  After  transplanution.  a  cultnreof 
peripheral  blood  mononuclear  cells  was  positive  on 
day  23;  however,  cultures  were  negatiye  20. 41,  and  44 
days  after  transplantation.  Autopsy  tissue  cultures  of 
bone  marrow,  brain,  lymph  nodes,  and  tumor  were  att 
negative  for  HIV-1.  Cultures  of  cerebrospinal  fluid 
obtained  3  days  beftxe  and  12  days  after 
transplantation  were  negative  for  HIV-1. 

Polymerase  chain  reaction  gene  amplification  analyo* 
sis  for  HIV-1  RNA  was  done  using  3'LTR  primers  on 
peripheral  blood  mononuclear  oella.  tumor  and  bonr 
marrow  specimens,  and  autopsy  tiasoe.  The  HIV-l 
RNA  sequences  were  detected  using  polymeraae  chain 
reaction  gene  amplification  in  peripheral  blood  mono- 


caili  {Lmt  F)  wm  petitiva  aed  msstiva  lawaulwly. 
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nuclear  cellr  iaolMa*2*'dqru  before  tmeplaBlatiaB 
but  were  noc  detected  in  a  sample  isolated  32  days 
after  trusplaatation  (Table  1).  The  HIV*1  RNA  ae> 
quenoes  were  wntlarly  detected  in  bone  marrow  sped* 
mens  obtained  on  days  2S  and  32  after  transplantatiao 
but  could  not  be  detected  in  a  marrow  sample  from 
day  43.  (Figure  1;  Table  1).  The  CD4  RNA  receptor 
sequences  were  detected  in  all  samples  of  peripheral 
blood  mononuclesu'  cells  and  bone  marrow.  The  HIV> 
1  RNA  sequences  were  not  detected  in  any  autopsy 
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sequences,  however,  were  detected  in  all  autopsy  speo* 
ixnens  except  the  lymph  node  samples,  which  were 
markedly  atrophic  (a  frequent  finding  after  txMi*  mar^ 
row  transplantation).  Peripheral  blood  mononuclear 
cells  ftom  the  donor  were  negative  for  HIV-l  RNA. 


Polymerase  chain  reaction  gene  amplification  analy¬ 
ses  for  HIV-1  DNA  eon  gag,  and  S'LTR  primen  were 
done  for  autopsy  spccimms  from  brain,  heart,  kidrwy, 
liver,  lung,  lymph  node,  spleen,  rectum,  and  tumor. 
Under  the  highest  stringency  conditions  for  filter 
wsshing.  only  the  positive  control  (HIV-k  H9  cdls) 
signal  remained  (Hgure  3),  and  all  tissue  — 
svere  negative.  Under  lowered  stringency 
for  filter  washing,  a  positive  gsg-spedfic  signal  aras 
present  in  the  sequences  amplified  from  the  rectosig¬ 
moid  DNA  (data  not  shown).  The  rectosigmaid tissue 
was  negative  using  primers  for  3'LTR,  3'ORF,  and 
eor  sequences.  As  a  control  for  the  L’<tegrity  of  the 
DNA  samples,  CD4  primers  were  used  and  all  sam¬ 
ples  arere  positive  (Figure  3). 


Immune  Reconstitution 

Before  bone  marrow  transplanution.  total  plasma  IgO 
was  elevated,  and  antibody  to  HIV-I  env,  gag^  and  pol 
gene  products  was  detected  by  Western  blot.  Ahhough 
the  patient  had  an  inununiaatioo  history,  antibody  ti¬ 
ters  to  tetanus  and  diphtheria  (1/130  and  l/3fiq  r^ 
spectively)  were  approximately  tenlbld  lower  than 
control  reference  valuaa.  In-vitro  lymphoprolifiBative 
responses  to  tetanus  and  dtphtlicria  were  absani,  but 
the  patient  retained  the  ability  to  mount  a  prolifbrative 
response  to  alloantigen  in  ntixed  lymphocyte  culture 
(Figure  4). 

The  marrow  donor's  tetanus-  and  diphtheria  epecif- 
ic  lympboproliferative  responras  and  antibody  titers 
were  within  normal  limits  (not  shown).  Tafoahtate 
adoptive  tranaftr  of  donor  immunity,  the  donor  was 
boosted  with  tetanus  and  diphtheria  8  days  before 
marrow  harvest  (37).  The  recipient  was  immuniaed 
with  tetanus  toxoid  immediately  after  marrow  infti- 
sion.  Lymphocytes  were  first  detected  in  the  periphery 
on  wedt  3  and  were  present  in  numbers  suficient  for 
analysis  by  week  4.  The  relative  number  of  CD44- 
(helper-inducer)  T  cells  remained  low  at  this  time. 
Total  serum  IgO  declined  by  approximately  half  but 
remained  within  normal  HlV-spedfie  IgO  de¬ 
clined  in  a  consistent  with  loss  of  recipient 

cell-derived  antibody.  In  contrast,  the  tetanus-  and 
diphtheria-specific  antibody  levels  rose  transiently  to 
more  than  four  times  the  trough  values  and  were 
maintained  above  (tetanus)  or  at  (diphtheria)  pretran¬ 
splant  levels.  More  important,  significant  iymphoprol- 
iferative  responses  to  both  antigens  were  detected  3 
weeks  after  transplanution. 


Allogeneic  bone  marrow  transplanution  is  an  effective 
therapy  for  patienu  with  }ymphoma  who  have  a  poor 
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prognon*  (23%  to  30%  kiag-tenn  mnrivBi'nte)'  (39, 
40).  Penom  with  HIV>1  infection  are  at  riak  for  de> 
veloping  lymphoma  and  have  a  poor  prognoaia  deapite 
responses  to  chemotherapy  (20.  22,  41).  Therefore, 
many  of  these  patients  are  eligible  for  allogeneic  bone 
maxTow  transplantation,  although  their  tolerance  to 
the  intensive  preparative  therapy  administered  before 
transplantation  and  their  recovery  from  infection  and 
the  other  complications  that  often  follow  transplanta¬ 
tion  are  of  concern.  Furthermore,  despite  intensive 
chemotherapy  and  irradiation  therapy,  a  reservoir  of 
cells  containing  HFV-l  might  persist  after  transplanta¬ 
tion,  leading  to  the  infection  of  donor  cells.  Pre\ious 
experience  with  allogeneic  bone  marrow  transplanu- 
tion  has  shown  that  immunocompromised  patients 
who  are  free  of  active  infection  can  tolerate  the  inten¬ 
sive  therapy  (23.  42).  The  preparative  regimens  used 
for  al.ogeneic  bone  marrow  transplanution  do  eradi¬ 
cate  recipient  lympho-hematopoietic  cells  and  cells  of 
monocyte-macrophage  lineage;  follow-up  studies  have 
shown  complete  chimerism  (donor  cells)  in  these  cells 
from  long-term  survivors  of  bone  marrow  transplanta¬ 
tion  (23,  43-46).  Although  there  may  be  a  transient 
appearance  of  recipient  cells  early  after  transplanta¬ 
tion.  long-term,  mixed  chimerism  (donor  and  recipi¬ 
ent  cells)  has  rarely  occurred  in  our  population  of  pa¬ 
tients  who  had  bone  marrow  transplantation. 

Although  HIV- 1 -infected  cells  derived  from  recip¬ 
ient  bone  marrow  can  be  eradicated  by  ablative  bone 
marrow  transplanution  therapy,  donor-derived  bone 
marrow  cells  remain  susceptible  to  HIV-1  infection 
after  transplanution.  In-vitro  evidence  indicates  that 
zidovudine  is  able  to  prevent  CD4  +  cells  from  being 
permissively  infected  ^  HIV-1,  and  feline  and  murine 
retroviral  models  have  shown  that  zidovudine  inhibits 
retroviral  infection  of  the  host's  hematopoietic  cells  if 
the  drug  is  administered  at  the  time  of  initial  viral 
exposure  (47-49).  These  dau  suggest  that  donor  mar¬ 
row  cells  may  be  protected  from  HIV-1  infection  in 
vivo  by  zidovudine.  The  known  marrow-suppressive 
eifecu  of  this  compound,  however,  might  adversely  af¬ 
fect  engraftment  of  donor  marrow.  In-vitro  studies 
have  shown  a  colony  forming  unit-granulocyte  macro 
phage  (CFU-GM)  fraction  survival  of  43%  ±  10% 

( mean  ±  standard  deviation)  when  normal  bone  mar¬ 
row  was  grown  in  the  presence  of  10  ^mol/L  zidovu¬ 
dine  (Jones  RJ.  Unpublished  dau.).  which  suggestt 
that  bone  marrow  engraftment  should  not  be  prevent¬ 
ed.  In  addition,  administration  of  zidovudine  in  an  an¬ 
imal  allogeneic  bone  marrow  transplanution  model 
did  not  prevent  bone  marrow  engraftment  (Holland 
HK.  Unpublished  data.)  We  postulated  that  the  com¬ 
bination  of  bone  marrow  ablative  chemo-radiotherapy. 
allogeneic  bone  marrow  transplanution.  and  the  coad¬ 
ministration  of  zidovudine  would  eradicate  recipient 
cells  containing  HlV-1  and  protect  donor  cells  from 
infection  with  this  virus. 

As  the  clinical  and  laboratory  results  from  this  case 
show,  the  patient  did  tolerate  the  intensive  therapy 
associated  with  bone  marrow  transplanution.  His 
death  resulted  from  tumor  relapse  and  not  from  un¬ 
toward  toxicity  associated  with  the  transplant  proceu. 


In  additiam  thnadrninimntiBmaf  tntravenoun  »■<««—> 
dine  at  a  dose  schedule  that  maintained  serum  levela 
significantly  above  the  known  in-vitro  HIV-1  inhibitt^ 
ry  dose  concentration  of  zidovudine  did  not  inhibit 
bone  marrow  engraftment  ( 19).  The  kintitict  of  mar¬ 
row  engraftment  in  this  patient  was  similar  to  rh«t 
observed  in  padentt  who  had  allogeneic  bone  marrow 
transplanutioo  svithout  zidovudine  therapy  (SO). 

Our  studies  suggest  that  the  therapeutic  approach 
we  used  may  have  eradicated  the  HIV- 1  reservoir  of 
infected  recipient  cells  by  6  weeks  after  traiuplantiK 
tion.  We  surmise  that  the  infected  cells  detected  svithin 
the  first  3  weeks  after  transplanution  were  residual, 
nonproliferating  recipient  cells  that  were  lethally  dam¬ 
aged  but  had  not  yet  been  cleared  from  the  body 
(although  analysia  by  restriction  fragment  length 
polymorphism  was  consistent  with  only  donor  <^n«, 
polymerase  chain  reaction  gene  amplification  is  several 
.magnitudes  more  sensitive  in  detection)  (33,  36,  31). 
The  inability  to  detect  HIV- 1  after  day  32  by  culture 
or  polymerase  chain  reaction  gene  amplification 
strongly  suggestt  the  loss  of  recipient  cells  harboring 
HIV-1,  as  the  likelihood  that  HIV-1  was  spontaneous¬ 
ly  cleared  from  the  viable  donor  cells  is  ml  (32).  The 
only  traces  of  HIV-1  detected  after  day  32  were  gag 
sequences  present  in  autopsy  rectum  tissue  and  only 
under  low  stringency  conditions.  It  has  been  suggested 
that  HIV-1  infection  cannot  be  confirmed  by  polymer¬ 
ase  chain  reaction  unless  assays  with  two  or  mote 
primer  pairs  from  different  regions  of  the  virus  ate 


ntw*  3.  tin  HIV.I  DNA  potywws  chaw  iwctioa  snn  leiphaf 
lioa  for  gag  sad  prabw  ( S'LTlt  data  oM  iSewa)  on  auiopty  tiwaa 
Tba  candiiiCBi  for  imidiSraiioa  ara  ilNciiS  W  in  Mathodi.  Tha  sawradi- 
oftapSa  an  iKpNit  **>  ladteaM  iba  poMtoai  of  wek  of  tha  npanawaial 
umplw  Tha  DNA  aapWad  ftea  HIV.|.infceMd  {HIV* -Hf)  and 
uninfaetad  (MS)  eaUi  a^  Itan  phaan  aieaa  IFt  an  ihown  as  eoairala. 
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positive  (36).  That  only  the  gaf  sequence  occurred  in  reMilta,  and  this  haa  been  a  major  concern  with  the 

a  single  sample  could  be  explained  by  crosa-reactivity  ffiiwir-ai  application  of  the  assay  (34).  The  negative 

to  a  non-HIV-1  endogenous  retrovirus  sequence.  If  results  with  the  great  amount  of  cUnicai  matter  tested 

this  is  true,  it  is  not  clear  why  similar  sequences  were  in  this  study  iiiggiats  that  Mae  positive  resolta  were 

not  detected  in  other  tissues.  It  is  more  likely  that  this  not  a  probicai.  The  girrstiiTr  of  &lae-negative  results 

gag  sequence  was  a  remnant  of  a  defective  HIV-1  pro-  was  sddreased  by  the  use  of  primers  to  endogenous 

viral  sequence.  It  has  been  suggested  that  defective  cellular  sequences.  In  addition,  the  determination  of 

provirus  might  be  present  in  specimetu  from  patients  sensitivity  by  in-vitro  methods  in  our  laboratory  and 

with  AIDS  (S3),  llie  polymerase  chain  reaction  assay  the  detemkm  of  HIV-1  in  spedmena  obtained  beftne 

is  a  highly  sensiti'  e  method  for  detection  of  HIV-1  and  early  after  transplantation  suggest  that  sensitivity 

sequences  (33.  36).  It  has  been  noted  that  the  aensitiv-  eras  not  a  prnhim  It  haa  been  suggeeted  that  RNA 

ity  of  this  assay  increases  the  ris**  for  false-positive  detection  polymeraae  chain  reaction  is  potentially 
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more  Montive  becaoM  of  the  Khriihiioii  for  multiple 
RNA  copies  per  cell  and  tower  ovenll  eegiimce  com* 
plexity  (36).  For  this  reason,  we  included  the  RNA 
assay  in  our  study.  We  do  not  have  direct  evidence, 
however,  that  latently  infected  cells  would  express 
HIV-1  RNA.  although  there  is  theoretical  reason  to 
believe  that  this  might  be  possible  (33).  The  use  of 
RNA  from  frozen  material  may  have  diminished  the 
sensitivity,  but  the  ready  ability  of  the  asaaiy  to  detect 
endogenous  sequences  suggestt  that  this  was  not  a 
problem. 

The  hypothesis  that  zidovudine  would  protect  do¬ 
nor  cells  from  HFV-l  infection  is  supported  by  the 
absence  of  detectable  latent  HIV-1  by  culture  or  poly¬ 
merase  chain  reaction  assay  after  day  32  in  either  pe¬ 
ripheral  blood  or  bone  marrow  and  by  the  absence  of 
the  virus  in  multiple  organs  at  autopsy.  The  absence  of 
HIV-1  detection  in  the  autopsy  specimens  offers  fur¬ 
ther  insight  into  the  cellular  reservoir  for  HIV-1  and 
the  effectiveness  of  zidovudine.  Investigators  have 
shown  that  central  nervous  system  macrophages  and 
microglial  cells  express  CD4  receptor  and  can  be  in¬ 
fected  by  HIV-1  (36-38),  whereas  neurons  have  rarely 
been  shown  to  be  a  reservoir  for  HIV-1  except  in  pa¬ 
tients  with  AIDS  who  have  terminal  disease  ( 39,  60). 
Hicicy  and  ICimura  (43)  showed  that  perivascular 
microglial  cells  of  the  central  nervous  system  are  bone 
marrow-derived  and  replete  the  central  nervous  sys¬ 
tem  within  2  months.  Lymphocytes  also  migrate  into 
the  central  nervous  system.  Alveolar  macrophages 
(61),  Langerhan-dendritic  cells  (62).  and  leukocytes 
from  cervical  secretions  have  been  shown  to  harbor 
HIV-1,  but  all  these  cells  would  be  replaced  by  donor- 
derived  cells  (63).  Gratama  and  colleagues  (64)  have 
reported  that  latent  Epstein-Barr  virus  can  be  eradi¬ 
cated  in  seropositive  recipients  of  bone  marrow  trans¬ 
plantation  who  receive  seronegative  donor  marrow. 
By  using  bone  marrow  ablative  therapy  and  zidovu¬ 
dine  treatment,  the  autopsy  dau  suggest  that  these 
reservoirs  were  destroyed  and  reconstituted  by  donor- 
derived  bone  marrow  cells  that  did  not  contain  HIV-1 
because  of  treatment  with  zidovudine. 

Immunologic  adoptive  transfer  for  lymphoprolifera- 
tive  response  to  specific  recall  antigen  and  antibody 
production  was  observed  in  our  patient.  Before  bone 
marrow  transplantation,  the  patient  had  a  blunted 
response  to  antigenic  challenge,  which  would  be  ex¬ 
pected  in  a  subject  with  lymphoma  or  AIDS.  After 
transplanution.  the  recipient  developed  an  appropri¬ 
ate  in-vitro  lymphoproliferative  and  serum  antibody 
response  to  these  antigens.  Similar  responses  have 
been  observed  in  our  other  patients  who  had  alloge¬ 
neic  bone  marrow  transplantation.  In  addition.  West¬ 
ern  blots  in  our  patient  showed  a  persistent  decline  of 
antibodies  to  all  HIV-1  antigens,  which  implies  an  in- 
VI VO  loss  of  HIV- 1  antigen  expression. 

The  results  observed  in  our  patient  have  at  least  two 
potential  implications.  First,  the  therapeutic  approach 
outlined  in  this  paper  deserves  funher  study  to  deter¬ 
mine  whether  this  therapy  has  a  role  in  treatment  of 
HIV- 1 -infected  patients  with  lymphoma.  It  is  possible 
that  the  number  of  HIV-1  proviral  DNA-harboring 


cella  was  so  loi^tlmkit  pwrlmled  detection  by  poly- 
meraae  chain  reactioa.  We  will  not  know  if  this  is  tnie 
until  patients  can  be  followed  for  a  longer  period  after 
bone  marrow  transplantation.  Second,  if  additioaal 
studies  evaluating  a  larger  number  of  patients  confirm 
our  results,  this  approach  may  be  applicable  to  a  larg¬ 
er  group  of  patients  who  are  infected  with  HIV-I. 
Additional  studies  are  necessary  to  determine  the  ulti¬ 
mate  role  of  bone  marrow  transplantation  and  antivi¬ 
ral  chemotherapy  as  a  therapeutic  modality  in  p«ri*«ta 
exposed  to  or  i^ected  with  HIV-1  or  other  retrovirus- 
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Polymense  Chsin  ResetiOD  Gene  Amplification 

The  aaaljrtis  by  poi3fnicnse  chain  reactioa  was  done  for 
HIV-I  LTR.  3'ORF,  gag,  snd  ear  as  described  previotisly 
(33),  but  modified  for  drvalcnt  catkm  concentratioa  opcintal 
for  Taq  I  polymerase  (36).  Primers  from  gag  (SK3B  and 
SK39)  and  atr  (SKfifi  and  SK69)  were  selected  for  detec¬ 
tion  of  HIV-I  leqtieaoae  as  described  previously  (36). 

RNA  was  purified  acoordiag  to  the  method  of  Chirgwia 
and  ooUeogues  (69)  as  modified  far  use  with  cesium  chloride 
by  Maniatis  and  coUenguas  (66).  Total  RNA  0.3  to  1.0  ng, 
was  miaed  with  90  pmol  of  each  polymerase  chain  reactioa 
primer  in  90  mM  KCL,  10  mM  Tri^l  (pH.8.3),  1.9  mM 
MgClj,  0.01%  gelatin.  200  jiM  of  each  deosynbonucleoside 
triphoaphate  ia  48-|aL  final  volume.  This  mixture  was  over¬ 
laid  with  90  pL  mineral  oil  and  subjected  to  repeated  rounds 
of  amplification  in  a  thermal  cjrcler  <  Perkin- Elmcr-Cetus, 
Norwalk.  Connecticut).  The  mixture  ams  heated  to  92  *C 
and  held  for  9  min.  cooled  to  42  *C  over  a  3-min  period,  at 
which  time  1  pL  containing  2.0  U  avian  myeloblastosis  vi¬ 
rus  reverse  transcriptase  was  •AAmA-  incubation  then  conon- 
uod  for  an  additioaal  3  mm.  One  pi  ot  Tag  polymerase  (2.9 
U)  (Perfcin-Elmer-Cettts)  was  added  and  the  cycling  pro¬ 
gram  linked  to  the  foUowiag  pattern:  94  *C  2  mia;  3-iiua 
ooobng  to  42  *C;  an  additioaal  3  mm  at  42  *C;  rapid  hcanng 


19  DeoeoWer  1989  •  AaaaMoflPtttwalMagkma  •  Votmm  111  •  Namhar  12  979 


to  72  *0  Mud  3  min  tM  73  *0*  Eorh  sucoBHivo  potymcrizo* 
tion  roimd.  at  73  *C  had  aa  additiotial  10  a  to  a  toul 
of  34  cyciaa.  Tba  DNA  ataa  aatractad  front  cuinor  spaciinana 
and  autopay  tiaaua  uaing  Uia  phanol-chlorofofui-protainaaa 
K  method  as  daacribad  previously  (66).  Except  for  the  addt* 
tion  of  the  reverse  trauscriptasa,  all  of  the  cycling  conditions 
for  purification  of  DNA  ware  identical  to  those  deacribad  for 
RNA.  and  0.3  to  1.0  fig  ethanol-washed  DNA  was  in 
each  assay.  Ail  iprrinwsis  were  prepared  in  a  building  sepa¬ 
rate  from  the  polymerase  cha^  reaction  laboratory  in  a 
room  free  of  cloned  HIV-I  s^uences.  Reconstruction  exper¬ 
iments  using  plasmid  or  in-vitro  prepared  RNA  mixed  with 
total  cellular  DNA  or  RNA  have  shown  that  the  sensitivity 
of  these  assays  in  our  laboratory  is  approximately  100  mole¬ 
cules  (6.023  X  lO-U  mol)  RNA  (33)  and  10  to  100  mole¬ 
cules  (approximately  10~^i  mol)  DNA. 

Filter  Hybridization  and  Washing  Conditions 

With  the  exception  of  gag  polymerase  chain  reaction  assays, 
all  filters  were  hybridized  and  washed  at  33  to  63  "C  accord¬ 
ing  to  published  procedures  (33).  For  the  gag  probe,  which 
IS  much  longer  than  the  others  used  in  these  studies,  hybrid¬ 
izations  were  done  at  63  °C,  but  washing  stnngencies  had  to 
be  increased  to  70  *C  in  2  x  SSC  (standard  saline 
curate  0. 13  M  NaCl  and  0.013  M  sodium  citrate). 


HIV-l  LTR 

Primer  A;  5'  -TGA  GTG  CTT  CAA  GTA  GTG  TGT 
GCC  C-3' 

Primer  B:  3'  -GTC  GCC  GCC  CCT  CGC  CTC  TTG 
CCG  T-3' 

Probe:  3’  -CGA  AAG  GOA  AAC  CAG  AGC  TCT  CTC 
G-3- 

HIV-l  gag  (SK38.  SK39.  and  S19) 

Primer  A:  3’  -ATA  ATC  CAC  CTA  TCC  CAG  TAG 
GAG  AAA  T-3' 

Primer  B:  5'  -TTr  GOT  CCT  TGT  CTT  ATG  TCC 
AGA  ATG  C-3' 

Probe:  3'  -ATC  CTG  GGA  TTA  AAT  AAA  ATA  GTA 
AGA  ATG  TAT  AGC  CCT  AC-3' 

HIV-l  env  (SK68.  SK69.  and  SK70) 

Primer  A:  3'  -AGC  AGC  AGG  AAG  CAC  TAT  GG-3' 
Primer  B;  3'  -CCA  GAC  TGT  GAG  TTG  CAA  CAG-3' 
Probe:  3'  -ACG  GTA  CAG  GCC  AGA  CAA  TTA  TTG 
TCT  GGT  ATA  GT-3 

CD4: 

Primer  A:  3'  -CTG  AAT  GAT  CGC  GCT  GAC  TCA 
AG-3' 

Primer  B:  3'  -TTG  GCA  GTC  AAT  CCG  AAC  ACT 
AG-3' 

Probe:  3'  -GTA  TCT  GAG  TCT  TCT  ATC  TTA  AO-3' 
T-Cell  receptor 

Primer  A:  3'  -TAA  TAC  GAC  TCA  TAT  AGO  GAC 
TCC  AGA  TAC  TOC  CTG  AOC-3' 

Primer  B:  3'  -GTC  CAC  TCG  TCA  TTC  TCC  CAG-3' 
Probe:  3'  -CAG  AAG  GTG  GCC  GAG  ACC  CTC 
COG  C-3' 

Beu-acttn: 

Pnmer  A:  3'  -CTC  ATT  GCC  AAT  GGT  GAT  GAC 
CTO-3' 

Primer  B;  3'  -GCT  ATC  CCT  OTA  CGC  CTC  ACC  G- 

3' 

Probe:  3'  -CGG  TGA  GGA  TCT  TCA  TGA  GCT  AGT 
C-3' 

3  0RF 

Pnmer  A:  3'  -ATG  CTG  ATT  GTG  CCT  OGC  TA-3' 
Pnmer  B:  3'  -TGA  ATT  AGC  CCT  TCC  AGT  CC-3' 
Probe:  3'  -AAG  TGG  CTA  AGA  TCT  ACA  GCT  GCC 
T-3' 
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Development  of  Antibodies  to  HIV^I  is  Associated  with  an 
Increase  in  Circulating  CD3'^CD4~CD8~  Lymphocytes^ 

Joum  B.  Maioouck,*  Vincent  CAtEY,t  Alvaro  Mvaoz,t 
B.  Frank  Potx.t'^  Jans  V.  Gic»ra,t  Kenneth  D.  Bauer,! 
Richard  Kaslow,*  and  Charles  RinaldoI 

^Bmpurtmat  tfEminumnui  BtMt  Svknett  mV  fD^^rtmaa  efEpUmdologj,  Joktu  Heptaa 
Sehnal  afhMk  HtalA,  adOman.  Maiykid  2120!:  tDrpwtmtM  efut^tdriiut,  U^irtnity  rf 
Cdifomd  StkodtfMitMeliu,  LiHAttfdta,  90024;  tDtpartmfnt  tfHedkiitt, 

Northwtiltni  UmvcnHy  School  tf  If edidmt,  Ckieoto,  lUMi  00611;  'AMomI /Mifotir  of 
Allortr  Md  tnfceOomi  Dutoict,  Bcihcsda,l4orykod  20000;  amdVIivorimotd  of  Foihology, 
UdvonilyofjniUhiogh  Moalpflledkliie,  Ftttbtifth,  fmuyhmlo  1S26I 

Thit  ttudy  iavcitiniGd  wiNfher  «eroeoAv«niM  with  Nipwt  to  hmiBa  iamtoodofi* 
dncy  vim,  type  1  (HIV-I)  WM  anodatoi  aritb  ■>  facnaae  is  lynfhocytM  npmNiif 
Ibe  <^'^CD4~CDI*  phiBotypc.  ftepcitKiM  aad  abaohte  namheni  of  CD3^,  C3M'*'. 
aod  CDf*  (ysfiboeytei  woe  Membiatf  proniactivdy  over  a  SJkyMr  poriod  on  4934 
ImokmcmN  Mld/er  bMoraal  ma  |MDtka|Mia|  Id  ite  MiiUGMiar  AIM  CdMXt  Stady .  ^ 
tha  4m  OKB  whole  xnMtNu  At  ealty  eoold  to  variStd,  I74S  woB  lanpotitivo  (Sn  fcr 

taiRKMRtf  to  HIV‘l  *1  entry  into  Hndy,  tW  were  uailiBniily  ror 

HIV' I  Cor  30  SMAtto,  Md  20  were  aeraoniwrtan  (SC)  wiS  mpact  to  HIV-1  dnng  thi* 
period.  For  each  of  ati  aenriaomial  evilnaliou,  pn^oiliosi  aad  auoSen  ot 
Cm*CD4'CD0~  lymphocytes (cafcolaiBdaa cm  -  (CD4  CDD)  wot  bolli riDdf- 
icanily  preAter  in  the  SF  groop  thao  in  the  SN  proop  (F  <  0.00l>.  Mean 
CD3'^CD4'CDS*  Icvett  in  the  SC  11019  were  hidiitaipiislHUe  Cwm  flioae  in  the  SN 
proiqi  tofoie  aeracoavenioii,  tnit  hy  3^0  booIIh  after  tciocaiwereion  die  SC  moup 
deiiMMistnladabsaiutiiiiindiere«r<^^CI>4~CD0~  lymutocytea  which  were  ligaffi- 
candy  iBOOMod  (F  <  0.001)  cooparod  to  the  SN  NOtip  toint  htoir  npwsioo  methoda 
with  adjuNwent  fiir  conilatiDn  eC  meaioietacatt  wi^  an  mdividuBl  over  itoe.  Aa 
addirioMi  lirndficaiit  mcreaK  ocewrted  hy  21^  monthe  after  aeiocowvanion  (F  * 

0.00$).  Tbete  reaultt  arc  coubteat  widi  to  ataociatiM  ef  HIV- 1  leracoBvaraioo  with  aa 
incfiaiciiickcala>imiTlympl>ocyteacitpicaainptlieCP3'*’CD4~C118~  ptanotype(doo- 
ble  Diiplive  T  eafia),  a  dacnasc  in  CD3~CD4~CD0*'  Mtorel  kffler  or  both.  An 
iacrcaaG  in  doable  nepalive  T  cNb  Goold  riScct  a  hoat  drftoae  machaaiam  apannt  HIV-1 
nreffeettaf  HIV-1  MTeeUdevelopeienL  o  am  fwaainic  tow,  to. 


’  Invealiialan:  Baftinore:  Mnw  Hopfciai  School  of  ftUie  Health;  B.  F.  PoB,  principal  htveadpr 
tor,  J.  Manolkk,  H.  Ftoaadetani  K-  1-  McAtthnr,  and  A.  J.  Saah.  Chieaio;  Howard  Brown 
Menmial  CBeic-Northwcaniirn  Univenity  Medkai  School;  J.  P.  Phair,  principal  invaatiiitor,  J.  5- 
ChBlM  aod  S.  WoHnaky.  Phtabuiih;  Univant^  of  PMahwih  School  of  FubKc  Health:  C.  B.  Riaat- 
do,  Jr.,  principal  inveatBaior;  L.  A.  Kiairiey.  D.  W.  Lytar.  P.  Oupla,  M.  Ho,  R.  O.  VaUiiarri,  and 
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INTRODUCTION 

Seroconversion  with  respect  to  human  immunodeficieocy  virus,  type  1  (HlV-l), 
the  etiologic  agent  of  acquired  immune  deficiency  syndrome  (AIDS)  (I,  2),  has 
been  associated  with  changes  in  several  lymphocyte  populations.  Some  of  these 
changes,  such  as  a  decrease  in  hctpcr-induccr  CD4  ^4)  T  lymphocytes  (3),  are 
believed  to  contribute  to  the  development  of  immune  d^iency.  Othm*  changes, 
such  as  an  increase  in  suppressor-cytotoxic  C338  (T8)  T  lymphocytes  (4, 5),  which 
can  kill  HTV-l-infected  target  cells  (6, 7)  tn  suppress  HIV-1  replication  (8)  bi  vitro, 
nuy  raprasant  host  resistance  to  IIIV-I.  Changes  in  subsets  of  CD4  and  CDS 
1yniplKK:ytB.s  have  also  been  reported  in  patients  with  AIDS  as  well  as  earlier 
stages  of  mV-l  infection  (3,  9-14). 

Since  1984,  the  Multiccnter  AIDS  Cohort  Study  (MACS)  has  prospectively 
monitored  numben  and  proportkMis  of  CD3'^,  CD4'^,  and  CD6'^  lymphocytes  in 
almost  5000  homosexual  arid  bisexual  men.  In  the  coune  of  these  studies,  we 
suspected  that  the  difference  between  the  proportion  of  CDS*^  lymphocytes  and 
the  sum  of  the  proportions  of  CD4'*'  and  CDS*^  lymphocytes  was  greater  in  indi¬ 
viduals  who  were  seropositive  (SP)  for  U1V*1  Ihim  in  those  who  were  seronega¬ 
tive  (SN).  This  observation  was  of  interest  because  of  the  recent  recognition  that 
a  small  proportion  of  circulating  T  ceils  normally  express  the  CD3'^CD4~CD8~ 
phenotype  (IS-IS),  which  has  been  ideired  to  as  “double  negative*'  (DN),  and 
that  a  subset  of  these  DN  T  cells  cxihcsscs  a  unique  T  cell  antigen  receptor  (TCR) 
composed  of  y  and  8  chains  mlher  than  the  receptors  found  on  most  CDd*^  and 
CDS'*'  T  cells  (15,  18,  19).  The  physiologic  function  of  DN  T  cells  is  not  yet 
known,  but  DN  T  cell  clones  have  b^  reported  to  exert  cytolytic  activity  in  vitro 
against  a  variety  of  tumor  cell  lines  in  a  nun-MHC  restricted  manner  and  thus 
lesemUe  natural  killer  (NK)  ceils  (IS,  20). 

With  this  in  mind,  we  investigated  the  hypothesis  that  the  proportion  and  num¬ 
ber  of  Q)3'*‘CD4~CD8~  lymphocytes  are  higher  in  individuals  adio  are  infected 
for  UlV-1  than  in  those  wto  ate  SN.  Using  the  serial  measurements  of  numbers 
and  proportions  of  CD3^ ,  CD4'^,  and  CD8^  lymphocytes  which  bad  been  ob- 
tauud  on  the  MACS  cohort,  we  calculated  serial  diffeiences  between  numbers 
and  proportions  of  CD3'*  lymphocytes  and  numbers  and  jnoportioQs  of  CD4'*'  and 
lymphocytes  combined.  This  report  compares  the  calculated  numbers  and 
IMoportions  of  CD3  ^CD4~CD8'  lymphocytes  in  subjects  who  were  seropositive 
for  HIV-I  throughout  the  study  to  cone^nding  d^  from  subjects  who  were 
seronegative  throughout  the  study.  In  addition,  the  temporal  relationship  between 
seroconversion  with  respect  to  HlV-1  and  the  number  and  pnq)ortk>n  of  circu- 
laiing  CD3'^Cn4  'CD8~  lymphocytes  wa.s  analyzed  using  data  from  subjects  who 
were  seronegative  at  baseline  but  seropositive  at  later  rvaluatioiis  (scroconveit- 
ers,  SC). 


MATERIALS  AND  METHODS 

Study  subjects.  The  MACS  was  initiated  in  Baltimore,  Chicago,  Los  Angeles, 
and  Pittsbui:^  with  the  goal  of  dcfiniiv  the  natural  history  of  AIDS  and  related 
illnesses.  Pour  thousand  nine  hundred  fifty-four  bomosexuid  or  bisexual  men  were 
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enrolled  in  1984-1985  and  since  (hat  time  have  onder^gone  clinicai  and  immuno¬ 
logic  evaluations  twice  yeariy  or,  in  a  high  proportioo  of  seroconvcrters  (defined 
below),  four  times  yeariy.  The  study  design  has  been  described  in  detail  (21).  This 
report  is  based  on  data  from  (he  first  2.5  years  of  the  study. 

Measurtment  of  xerohgk  status  and  definition  of  seroconversion.  Antibodies 
to  HlV-1  were  assayed  by  ELISA;  positives  were  confirmed  by  repeat  ELISA 
and  Western  blot  tests  (22).  Subjects  who  consistently  lacked  antibodies  to  H1V>1 
during  the  study  period  were  defined  as  prevalent  SN  (n  «  2795),  subjects  who 
had  such  antibodies  at  entry  into  the  study  were  defined  as  prevalent  SP  (it 
1745),  and  subjects  wbo  lacked  such  antihodies  at  the  first  study  visit  but  subse- 
qiiently  developed  tlicm  were  defined  as  SC  (n  «  208).  For  SC,  the  time  cS 
seroconversion  wa.**  defined  as  the  time  halfway  between  the  last  senim  specimen 
negative  for  antibodies  to  HIV-1  and  the  first  specimen  positive  for  such  antibod¬ 
ies.  1'hc  time  of  seroconversion  was  known  to  within  ±4  months  for  228  (85%)  of 
the  SC. 

Measurement  of  T  ceil  proportian.s  and  numbers.  Proportions  of  drculatiug 
CDS* ,  and  CDg"*^  T  celis  were  determined  by  two-color  flow  cytometry, 
using  either  anticoagulated  (hepnrin  or  EDTA)  whede  blood  (23)  or  purified  pe¬ 
ripheral  blood  mononuclear  cells  (PBMC)  obtained  from  heparinized  whole  Mood 
by  density  gradient  centrifugation  (24).  Specimens  were  stained  with  monoclonal 
antibodies  (Becton-Dickinxon,  Mountain  View,  CA)  conjugated  with  fluorescein 
isothiocyanate  (FITC)  or  phycoerythrin  (PE)  as  follows;  anti-Leu  4  FTTC  (CD3; 
total  T  cells)  and  control  lgG|  PE  in  one  tube  and  anti-Leu  3a  PE  (CD4;  helper- 
inducer  T  cells)  and  antLLeu  2a  FITC  (CD8;  suppressor-cytotoxic  T  celts)  in 
another  tube.  Proportions  of  stained  cells  wcic  quantitated  using  the  EPICS  C 
flow  cytometer  (Coulter  Electronics,  Hialeah,  FL)  with  software  (Quadstat)  for 
two-color  analyses.  The  proportion  of  CD3‘*'CD4“CI>8"  ceDs  among  lympho¬ 
cytes  (%Z))  in  each  specimen  was  then  calculated  according  to  the  formula;  %0  « 
%CIJ3*  -  (%CD4*  +  ^CDS"*^).  The  symbol  D  was  used  tor  this  difference  to 
distinguish  (be  calculation  performed  from  a  direct  measurement  of  lymphocytes 
expressing  the  DN  or  CP3'^CD4~CD8~  phenotype  (see  Discussion). 

F.nch  study  parttcipant  also  had  a  complete  Mood  count  and  diflerential  per¬ 
formed  at  each  clinic  visit  by  a  commercial  laboratory.  Absolute  numbers  of 
circulating  rD3'''CD4~CD8~  lymphocytes  were  calculated  by  multiplying  the 
%D  by  the  total  lymphocyte  count  (while  Mood  count  x  %  lymphocytes). 

Data  analysis  and  display.  Graphical  methods  of  exploratory  data  analysis  (25) 
were  used  to  demonstrate  differences  between  SN  and  $P  subject  populations 
with  regard  to  calculated  proportions  and  absolute  numbers  of  CD3  '^CD4~CD8~ 
lymphocytes  over  time  (Figs.  I  and  2);  robust  iocally  wei^ted  scatterpiol  smooth¬ 
ing  (26)  was  used  to  exhibit  graphicaliy  the  change  in  CD3'^CD4~CD8~  lympho¬ 
cytes  over  time  among  SC  (Fig.  3).  Briefly,  the  line  in  this  figure  is  achieved  by 
slicing  (he  data  verticaliy,  calculating  robust  sinnmaries  ot  the  data  in  each  slice, 
and  joining  the  summaries. 

Formal  hypothesis  testing  was  carried  out  using  the  following  model  for  counts 
of  CD3*CD4“CD8"  lymphocytes  In  SC  over  time.  DN,.,-,  the  calculated  number 
of  Cn3  *CD4~CD8*  lymphocytes  at  visit  v  for  the  itb  subject  (v  I, ...  1 1;  f  - 
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Fn.  I.  Pc»plo<4iciwhitc«lanl>w4pnqK»UuBi  0fCD3*rD*~CD>~  tyrnplwcytwatthepMietm- 
age  qf  KKN  lymplwcytB  pcywhlion  tar  wwipanit»e  (  ■;  opta  bwtw)  tadi  ampodife  (+', 
boxK)  (tu^  pi^i|MMi  m  aath  ct  m  wmlwiri  evalmtiaM.  ftopoiitow  wm  cilailNed  fion 
iadlvMwltrM«ninie4prapORioasqra»‘',CM'*,aadCn*’tTiiiplHK)'tMMg«riiaitotlwi9r- 

fiiiitk«a»*CDi'a»~  -  «a»'  ■^WCn^laadwcicii^hNtdtynAlnM^ 

ntdia  tiJuc  far  «CD3^CD4~OM~  Itor  ihi  wraacgMive  pMtkiputo  N  Ikt  conr.ipoaaim  ceMar 
Mid  vWt  M  4wgiIM  uMler  ItMriu.  HoriMMittl  Mom  fa  MCh  bm  ia&Mt  (Int  qMftitt  (Dl)i  Mediu, 
and  AW  qiaitile  (Q3}.  'Hit  Aided  loei  onend  an  adAdool  U  dnc*  (0!M}l),  ccnaqpoadhn  ap- 

pniudMldy  to  innAan  in  |Mi«aaiflt  1-5  (lower  IHk)  <*  9M9  («nwr  Baa)  flf  (be  vatoat  br  HK*  inwp. 

i, . . .  ZM),  was  taken  to  be  a  nomal  variate  widi  mean  depending  on  the  tane 
sinoo  serocoBvenkm.  llie  time  of  aeroconvenion  was  taken  as  f  =  0,  and  time 
clajMod  since  sciooonversion  was  broken  into  b-inoafli  periods  as:  mofe  than  9 
OKinttis  prior  to  seroooiivenkNi(t  <  -9),  firom  9  to  3  nooths  bdbre  seroconver- 

tin(-9ctc  -]).aid»i!i.iQioiimiiimzrainiaimiaK«<m^ 

0  >  27).  Rotated  sumberR  of  Q>3^CD4~CDS~  lymphocytes  finm  a  sinite 
individi^  w«re  assumed  to  follow  an  iniraeJass  condatioa  stroctmc  In  ^ 
approach,  inaxiaium  Ukdihood  methods  are  used  to  estimate  mean  levels  of 
C03^  CD4~CD8~  lyn^hocytes  according  to  time  soice  semconversioo,  acQust- 
ing  for  oorrolatioQ  anKMv  those  0)3*^ CI>4'CD8~  values  contributed  by  the  same 
individuai.  This  ncthodobigy  allows  for  imbalance  in  the  number  of  obsovatioiis 
contributed  by  eadi  individual.  In  addition,  an  intiaclavs  ootrelatiod  structure 
does  not  requiro  com|dett  or  equidistant  data.  Linear  contrasts  amwig  the  esti* 
mated  means  are  then  used  to  test  the  hypothesis  diet  the  mean  mimber  of 
CD3’^CD4~CIW~  ceils  increases  with  time  elapsed  from  seroconversion  0.e., 
that  the  mean  CU3'*‘CD4  CDS'  number  in  one  of  (or  a  collection  of)  the  afore- 
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VMMMitr 


no.  2.  Om  pM  fbowiiw  <«tculilod  ibiotau  mmlm  (mUs^^hiii*)  of  Cra^CD«~CDt~  l]rti|Ao- 
cym  far  iirnninivo  (- ;  tniwi  bow)  n<  soreposMto  (■!• ;  ihadeH  bam)  atudy  pitfclpoiin  »t  och 
•T  na  wmimnual  en(witioi».  CdloulatkMM  wut  peffarnied  mJ  aiQmieii,  m4  boMt  woedtrivtd,  m 
dMcritud  tn  lngiiitf  lo  Fig.  1. 


montioiMd  intervaKs)  ia  graaler  than  itw  men  CD3'^CXl)4~CD8~  nilfflbtf  ill  one 
of  (or  a  coHectkm  oO  earlier  intervaKs)). 

RESULTS 

CrvsS’ftttimuU  rtlatfoiuhip  belwttm  CM*'CD4~CD9~  fymphocytef  and  re* 
rmtabu.  A  total  of  1 1 ,337  obicrvatioiM  wai  available  on  the  2795  SN  sttliiecti  and 
831 1  obaervationa  on  the  1745  8P  sut^ts.  la  order  to  compare  propoitiona  and 
numbcra  of  C03''^CD4~CD8~  lympfiocytaa  in  thaae  gionps,  we  lint  evahiaied 
median  iwrcentasea  and  aumbera  of  ibeae  cella  in  ibe  SN  froup  at  eadi  ceater  at 
each  of  the  aix  clinic  viaits  of  Uieae  individiials.  As  ahown  in  Table  I ,  then  was  a, 
tango  of  5.7%(-2.2%  lo  2.5%)  in  the  medians  of  poxcatages  aad  a  iange  of  104.1 
ce1la/mm’  (-46.02  lo  58.08  edb/aua)  in  the  m^iaaa  of  numbers  of  calculated 
CD3*CD4~CD8~  lymphocytes  in  die  SN  group.  The  overall  means  were  0.1% 
for  the  perceot  aad  3.7  ccllt/mm’  for  the  nunfoer  of  CD3'^CI>4~Q}8~  iya^bo- 
cytes.  To  compensate  for  this  intercenter  and  iniervisil  varialkm,  the 
values  shown  in  Table  1  wete  subtracted  from  aO  data  points  for  the  correspond- 
hig  center  and  visit  in  subsequent  tadyses,  thus  yielding  atSuated  vahiea  for  the 
calculated  propnrtinna  ami  numbers  tA  CD3^CD4~CD8~  lynidiocyias  which 
reflected  only  the  difference  between  SP  and  SN  individuala. 

The  diatributiona  of  percentages  and  numbers  of  CD3^CD4~CD8~  lympho* 
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Months  ftOM  airoooBotrtloo 

Fto.  3.  Scatiuanm  Rbowing  Mivinhul  4M  peiala  (A  1571)  ligr  cakabad  abnlaie  manber  ct 
CDS+CIM'CDS  '  IjfOfiifaeyltn  in  lelnrian  to  tiai  M  Mncoovanwio  (r  ^  0)  (tar  nemcMt- 

vciMrpo|Hilnlian  (■  -  7ft).  Data  pcinti  were  cMfilmS  mJ  ntytmnd  m  dwerflind  In  toopwl  to  Plj. 
I  tuid  nndiT  Rmlti.  llobnN  bcaSy  wniilKnd  tooiciplM  ibn  WM  dnrivM  M  dMcrfbcd  ndcr  Mattfinto 
andMelliody.  NiKlm4iaapoint8|{etaMaMatlieraa|BdBiph]nl<i.c.,  < -400  or  >400)  and  ai*  not 
shown. 


cytes  at  each  clinic  vi$it  for  tlic  icniio|^cally  stable  SN  or  SP  ttutgeds  after  tMs 
adjustmeat  are  shown  ia  Figs.  1  and  2,  raapeoively.  The  a^usted  firopottion  of 
CD3  ^CDO'CDS' lymphocytes  was  faii^fbr  the  SP  than  ftnr  the  SN  at  visits, 
with  overall  meana  of  0.01%  for  SN  and  3.0%  for  SP.  This  diffoience  was  highly 
statisticflily  siitaificant  (P  <  0.001).  Similarly,  the  adjusted  mean  abtoliite  niimbw 
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0.0 
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-14) 
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-0.16 
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of  CD3'*’CD4~CD8”  lymphocyte#  wa#  consistenUy  higher  in  the  sm-opoeitive 
population,  with  an  overall  ineanofO.T^  cellt/min^  for  SN  and  55.3  c^sfoint^for 
SP.  This  difleience  was  also  highly  statistically  significant  (P  <  0.001). 

Longitudinal  rtlationsMp  bttwten  CD3*CI}4~CD8~  and  UIV-I  seroconver¬ 
sion.  The  above  results  strongly  suggested  a  direct  relationship  between  the  pres¬ 
ence  of  antibodies  to  HIV-1  and  the  absrdute  number  of  CD3'*’CD4  COO  lyi^ 
phocytes.  To  teat  this  hypothesis,  we  analyzed  the  numbers  of  CD3'^CD4"CD8“ 
lymi^ocytcs  present  in  study  subieets  for  whom  data  were  availaMe  before  and 
nfler  seroconversion  with  respect  to  HIV-1,  i.e.,  the  SC  group.  For  each  Of  the  260 
SC  identifiod.  the  time  (/)  of  seroconversion,  as  defined  above,  was  taken  •*  *  “ 
0i  The  results  of  the  lyinpliocyte  evaluations  for  each  subject  before  or  after  this 
time  (r  <  0  or  I  >  0,  rcspcctivdy)  were  analyzed;  a  total  of  1571  observatioits  was 
availabio  on  these  268  siilgect*.  To  tliminate  any  effect  of  Intervisit  and  mter- 
ceniar  variation  in  numbers  of  CD3*CD4”CD8”  lymphocytes,  the  median  num¬ 
ber  of  CD3^CI>4~  CDS  ~  lymphocytes  in  the  SN  group  at  each  center  at  eadi  visit 
was  subtraclad  from  the  value  calculated  for  each  leroconverter  at  the  corre¬ 
sponding  center  and  visit,  as  described  above.  This  adfusted  number  of 
CD3'*^CIM"CD8  lymphocytes,  corresponding  to  the  difference  between  sub¬ 
jects  who  seivcoiivcrted  and  snbjecu  who  remained  seron^ativc  during  the  iludy 
period,  was  used  in  the  subsequent  analysis. 

Figure  3  shows  both  the  primary  a4}usted  data  and  the  robust  smoothed  line  for 
this  analysis.  It  can  be  seen  that  althou^  the  range  of  the  values  is  large,  an 
incrouc  occurs  following  the  calculated  time  of  seroconversion.  Figure  4  shows 


Mentha  Wem  goroeonveraien 

pio.  4.  PM  Showina  relMioa  between  roboit  locsUy  weiffclcd  scanophn  cT  obwnrod  date  (Fia.  3) 

■nd  nmdd  miintw  nf  CD!  lymahocnn  H  ■  frnctien  ef  tinw  liees  wfneenvMdiNi. 

The  ssusfsks  indicate  the  cstlnmtMl  value  riw  CD3*CD4"Cl)a'’  for  tht  ShdooUi  intmib,  and  Ihs 
ban  around  dw  astwisks  indicate  ±1  SB  of  ihla  tatiawt. 
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the  same  robust  smoothed  line  along  with  the  estimated  means  (±oDe  standard 
error),  derived  from  the  parametric  r^ressioa  methods,  for  each  time  interval  in 
relation  to  seroconversion.  The  P  values  for  significance  testiiig  associated  with 
these  data  are  shown  in  Table  2.  Before  seroconversion  (i.e.,  when  t  <  0),  the 
adjusted  number  of  CD3'*‘CI>4~CD8~  lymphocytes  was  very  dose  to  0,  in^cat- 
ing  that  SC  exhibited  numbms  of  CD3^CD4~CD8~  lymp^ytes  which  were 
indistinguishable  from  the  SN.  By  3-9  months  after  seroconversion,  however,  SC 
had  adjusted  numbers  of  CD3'^CD4~CD8~  lymphocytes  which  wme  similar  to 
those  seen  in  the  SF  population  (compare  Fig.  4  with  Fig.  2).  The  change  in 
number  of  CDB'^CDe'CDS"  from  before  seroconversion  (-9  to  -3  months)  to 
3-9  months  after  scioconverstOd  was  highly  .stalislicuDy  Mynifiont  (P  <  Q.OOl).  In 
addition,  there  was  a  further  increase  by  the  end  of  the  study  period  (>21  months) 
which  wa.s  also  hi^y  statistically  signifioaif  compared  to  tte  value  at  3-9  months 
after  seroconversion  (P  ■  0.00$).  Thus,  the  increase  in  CDS^’CDe'CDO"  after 
aeroconversioa  progressed  with  time.  It  should  be  noted  that  the  values  of  the 
robust  smoothed  hne  derived  from  the  adjusted  primary  data  all  lie  within  or  very 
close  to  one  standard  error  of  the  mean  estimates  using  the  parametric  regression 
model  (Fig.  4).  This  result  supports  the  vrikUty  of  the  parametric  approach. 

tMck  corrtlation  between  nntnbers  CD3*CD4~CDS~  lymphocytes  and 
numbers  of  CD4*  and  CDS'*'  lymphocytes.  Since  the  number  of 
CD3'^CD4~CD6  lym|riiocytes  was  calculated  using  a  formula  that  induded  the 
nurnbersofClM'*'  a^CDS'*'  lymphocyte.^,  we  woe  interested  to  determine  if  the 
number  of  CD3'^CD4~CD8  lymphocytes  was  significantly  conelaied  with  the 
numhers  of  CD4'^  and  CD8^  lymphocytes.  To  evaluate  this,  correlation  coefih 
dents  for  the  numbers  of  these  types  of  lymphocytes  at  ea^  clinic  visit  were 
calculated  for  the  group  of  268  seroconverters  («  •  1571  observations).  Little 
assodaliun  was  observed  between  the  number  of  CD3'^CD4~CD8~  lymphocytes 
and  the  number  of  T  ceUs  bdanging  to  either  subset  (r  ^  -0.047  for  CD4^ 

TABUS  2 

RMin.-n  OF  RcciEStlOK  Amalvbs  op  CalCULaTEo  Nuimcm  of  UO0^CD4~CDa~ 
LvioHocrm  IN  Si!aocoNVF.Kn(n  m  Suation  to  ‘riia  or  SsMMWNyEaaraN 

EsiiiDBtcd  no.  at 

MoaHufram  CD3*CI>«~CD8‘  Studanlomrar 


xemonBvmico* 

cctb/miii-' 

ettimac 

Fvttae* 

<  9 

-O-M 

1.2$ 

NS* 

-9to  -3 

-1.01 

S.23 

NS 

-310  +3 

13.71 

9.13 

0.13 

3to9 

43.60 

7.5S 

<0.001 

9U>1S 

37.17 

9.31 

<0.001 

IS  to  21 

47  J9 

7.99 

<0.001 

21  to  27 

71.94' 

9.00 

<0.001 

>27 

6t.06' 

12.04 

<0.001 

*  Tine  of  MTOconvenioa  (deSiMd  ai  in  text)  tefcen  m  Q  raoath*. 

*  Relative  tn  axHinated  nuoiher  of  CD3*CD4~CDI~  lyitqilioeytea^Dim’  btCoee  lemconvcnioa. 

'  NS  -  F  >  0.20. 

^  F  •  0.006  for  C03 '  CD4 '  C08~  at  >21  noothn  oooptfed  to  CD3''rTM-CDS~  at  3  to  9  nootbs. 
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lyoqyliocytet  wkI  0.147  for  CTO'*'  lymphocytes),  suggesting  that  the  numbers  of 
^3'^CIM''CDS~  lymphocytes  were  not  related  to  the  nitrabers  of  CD4'*'  lym- 
irfiocytes,  and  only  weakly  rdated  to  CD8^  lymphocytes. 

DISCUSSION 

This  study  shows  that  HIV-f  seroconversion  in  a  large  cohort  of  gay/btsexual 
men  was  associated  with  statistically  significanl  relative  and  absolute  increases  in 
circulating  CD3'*'CD4~CD8~  lymphocytes.  These  increases  were  seen  in  preva¬ 
lent  seropositive  subjecu  as  compared  to  prevent  seronegative  subjects  and  in 
semconverters  after  seroconversion  as  compered  to  before  icroconvenkm.  In  the 
seroconverters,  the  increase  in  CD3'CD4~CD6~  lymphocytes  was  annoxi- 
mately  43  cells/oun^  within  9  months  of  estimated  seroconversion  and  was  fhrther 
increased  to  approximately  70  cells/mm^  beyond  21  months  from  seroconversion. 
These  observations  confirm  and  extend  a  recent  analysis  of  lymphocyte  subset 
data  in  42  published  studies,  in  which  increased  percentages  of  G)3'^CD4~C08 ' 
lymphocytes  Were  calculated  among  indtviduBis  infected  with  H1V>I  (28).  In  the 
present  study,  increased  percentages  and  numbers  of  thasa  cells  were  found  in  a 
large  cohort  of  individuals  followed  over  time. 

Ttchtiica]  explanaikms  for  the  observed  increast  in  CD3  '^CD4~Ct)8~  lympho¬ 
cytes  should  be  considered  but  seem  unlikely.  If  expression  of  CD4  is  down- 
regulated  in  HlV-1-infected  T  cells  (29,  30).  infection  of  approximately  40-80 
T  cells/mm^  with  U1V*1  mi^t  account  for  the  observed  increase  in 
CD3'^CD4~CD8~  lymphocytes.  However,  using  the  most  sensitive  methods 
available,  the  number  of  p^pheral  blood  lymphocytes  actively  infected  wHh 
HiV-t  appears  to  be  on  the  order  of  I/IOOO  or  less  (31 ,  .32),  a  mnn^  fiur  too  small 
tu  support  this  expianation.  Another  theoretical  possibility  is  that  IIIV-I  envelope 
protein  (^(20)  tound  to  CD4  in  vivo  could  block  the  aati-Cl>4  antibody  used  in 
this  study  (Bnti-Leu3a),  yielding  a  spuriously  bw  %CD4.  While  this  possibility 
cannot  be  excluded,  the  correlatbo  between  the  numbers  of  CD3'^CI>4~Ct)8~ 
and  CD4'^  cells  was  extremely  bw  (-0.047),  aixl  the  intensity  of  CIM  positivity 
was  not  dccriased  in  SP  as  compared  to  $N  subjects  (data  not  shown).  For  these 
reasons,  wc  favor  the  interpretation  that  these  results  reflect  a  true  increasa  in  the 
populaibn  of  CD3'*'C.T)4~C08~  lymphocytes  rather  than  a  technical  inability  to 
meosure  CD4^  lymphocytes. 

According  to  the  methods  used  in  this  study,  a  true  increase  in 
CD3^CD4~CD8~  lymphocytes  couhl  be  explained  by  three  mechanisms:  (i)  an 
increase  in  celts  expressii^  Utc  CD3'*'CD4~CD8~  phenotype;  (ii)  a  decrease  in 
cells  expressing  the  CD3~CD4~CD8*  linotype;  or  (Hi)  a  dectease  in  cells 
expressing  the  CD.3  CIM  phenotype.  In  support  of  the  first  poosibHity, 
Baselcr  ti  at.  (33)  reported  that  HIV-I  seropositive  individuals  demonstrated  an 
increase  in  circulating  T  cells  expresting  the  8  T  cell  receptor  chain;  the  8  chain 
is  associated  with  the  DN  phenotype  (13, 18,  19),  and  many  of  the  8  *  ceils  ex¬ 
pressed  this  phenotype  (M.  W.  Bascicr.  personal  communication).  In  healthy 
HIV- 1  seronegative  individuals,  DN  T  cells  reiweicnt  approximately  3-5%  of 
circulating  lymphocytes  (16).  Assuming  2000  lymphocytes/mm’  in  the  peripheral 
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Mood ,  an  increase  of  40%  or  more  in  DN  T  ceils  would  be  required  to  account  for 
the  increase  of  43-68  cells/mni’  we  observed  in  the  HlV-1  SC  group. 

The  second  possib^ty,  that  a  decrease  in  CD3~CD8'^  ceils  contributes  to  the 
observed  rise  in  calculated  CD3'^CD4~CD8~  cells,  is  also  tenabie.  Because  some 
NK  cells  express  low  levels  of  CD8  without  expressing  CD3  (34, 35)  and  because 
CDS*^  ceils  were  determined  separately  from  003*^  cells  to  this  study, 
CD8'^CD3  '  NK  ceils  reduced  the  calculated  percent  or  number  of 
CD3  '^CD4~CD8~  lymphocytes.  Thus,  NK  ceOs  probity  account  for  the  dis¬ 
crepancy  between  the  0.1%  mean  proportion  of  CD3'''CD4~CD8'  lymphocytes 
in  SN  in  the  jneseot  study  and  the  rqiorted  3-3%  proportion  of  DN  T  ceOs  in 
healthy  HlV-1  seronegative  individuals  (IQ,  and  a  decrease  in  NK  cells  could 
account  for  a  rise  in  calculated  CD3'"CD4“CD*"  lymp^ylcs.  However,  argu¬ 
ing  against  this  possibility  are  several  studies  indicating  that  proportions  and 
numbers  of  circulating  NK  cells  are  normal  or  elevated  in  HIV-l-infected  indi- 
vkhialx,  at  least  until  the  development  of  AIDS  (11.  36-41).  In  this  connection, 
Vuiller  ei  al,  (42)  recently  reported  that  HIV-l-infected  individuals  exhibit  a  de¬ 
crease  in  numbers  of  lymphocytes  coexprc.s.sing  CD16  or  Leu]9  and  CDS  at  low 
density,  a  phenotype  characteristic  d  NK  ceUs.  However,  these  cells  were  also 
decreased,  though  to  a  lesser  extent,  in  seion^tivc  individuals  at  high  risk  tor 
HI  V-1  infection,  and  the  data  from  the  HIV-l-infected  subjects  were  not  subclas¬ 
sified  according  to  the  stage  of  HIV-1  infection.  Thus,  the  question  of  whether 
HIV-1  infection  is  associated  with  a  reduction  of  NK  cells  is  unresolved  at 
present.  The  third  possibility,  that  a  decrease  in  CD3~  monocytes  expressing  low 
levels  of  CD4  (43,  44)  contributes  to  our  findings,  seems  remote  because  the 
proportiun  of  contaminating  monocytes  within  the  lymphocyte  gate,  as  measured 
with  the  anti-Lcu  M3  antibody,  is  genemlly  <1%  (data  not  shown)  and  therefore 
could  not  decrease  enough  to  account  for  our  findiags. 

Thus,  the  present  findings  appear  to  be  dvf  WffliiiOO  Of  flD  UiniaSC 

mCD3*CD4“CD8  T  lymph^ytes  and  a  decrease  in  NK  cells. ‘Ihese  mecha¬ 
nisms  can  be  distinguished  by  the  use  of  more  accurate  formulas  for  calculating 
DN  T  cefis,  such  as  DN  «  Lcu4  -  (Leu3  +  Uu21T-NKJ),  or  DN  -  Leu4  - 
(Lcu3  4-  Leu2[strong  fluorescence]),  and  by  d'rcct  measurement  of 
CD3^CD4~CD8~  lymphocytes  in  one  tube,  using  anti-CD3  conjugated  to  one 
fluorochrome  and  anti-CDs  and  -CD8  conjugated  to  another.  These  calculations 
were  not  possible  in  the  present  study  becau.se  the  previously  obtained  measure¬ 
ments  included  only  CD3,  CD4,  and  CDS  positive  cells. 

Despite  the  small  size  of  the  normal  podl  d  circulating  DN  T  lynqihocytes,  an 
increase  in  these  cells  in  association  with  IIlV-1  seroconversion  could  be  impor¬ 
tant  for  several  reasons.  First,  DN  T  lymphocytes  have  been  reported  to  exert 
non-MHC  restricted,  NK-like  cytotoxicity  against  a  variety  of  tumor  cell  lines  (15, 
20).  Fieliminary  data  suggest  that  T  lymphocytes  not  expressing  WT31  antigen 
under  standard  flow  cytometry  coaditioas,  many  of  wfaid  are  -yb-TCR  positive 
and  express  the  CD3'^CD4~CD8~  phenotype,  can  kill  target  cells  coated  with 
inactivated  HIV-l  (4^.  Thus,  CD3*CD4'CD8"  lymphocytes  may  viav  a  role  in 
host  defense  against  HI  V-t,  ndsing  the  possibility  that  individuals  who  generate  a 
huge  increase  in  CX>3'^CD4~CD8~  lymphocyte-s  in  response  to  HlV-1  seroerm- 
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version  may  have  a  delayed  progression  of  HIV-I  infection  compared  to  those 
who  generate  a  small  increase.  Second,  human  thymocytes  expressing  the 
CD3'^CD4~CD8~  phenotype  have  been  demonstrated  to  develop  in  vitro  into 
mature  T  cells  expressing  CD3,  the  a^-TCR,  and  either  CD4  or  CDS  (46,  47). 
Thus,  a  rise  in  CD3'*'CD4~CD8~  lymphocytes  could  reflect  increased  production 
of  T  cell  precursors  in  response  to  the  fed!  in  €04*^  T  cells  and/or  the  rise  in  CD8 '' 
T  cells  that  follow  H1V>|  seroconversion  (4,  3).  In  this  connection,  an  increase  in 
the  number  and  proportion  of  CD3'*'CD4~CI%~  lymphocytes  in  lymph  nodes  of 
mice  which  had  been  depleted  of  circulating  lymphocytes  by  iiyection  of 
anti-CD4  monoclonal  antibody  has  been  reported  (48).  These  data  suggest  that  the 
increase  in  circulating  CD3  *  CD4  “  CD8  ~  lymphocytes  in  HIV- 1  -infected '  .  /id- 
uais  iiiiglit  reflect  an  increased  rate  of  T  cell  production,  and  that  measurenxnt  of 
Ibis  number  could  have  a  utility  in  assessing  T  cell  turnover  analogous  to  that  of 
the  reticulocyte  count  in  assessing  the  .severity  rtf  hemdytic  states.  A  third  pos¬ 
sibility  is  that  the  increase  in  CD3'C04~CD6~  lympl^ytes  is  a  nonspedfic 
result  of  generalized  immune  stimulation  following  HlV-1  seroconversion.  For 
example,  DN  T  cells  can  prolifeTate  in  the  presence  of  lL-2  (19.  20).  Thus,  a 
fulthcr  study  of  this  population  ^''ly  yield  insight  into  the  normal  mechanisms  for 
regulation  of  lymphocyte  populations. 

The  clinical  significance  of  the  increase  in  CD3'^CD4~CD8~  lymphocytes  ob¬ 
served  in  the  present  study  remains  to  be  determined.  Because  of  the  long  incu¬ 
bation  period  for  HIV- 1 -induced  illnesses,  it  is  still  too  soon  to  determine  if  the 
magnitude  of  this  increase  in  individual  seroconverters  correlates  whh  the  clinical 
courses  of  those  individuals.  Further  studies  are  needed  to  answer  this  important 
question.  To  date.  HIV-1  infection  is  the  only  human  disorder,  aside  from  con¬ 
genital  immune  dcficieocies  (18),  that  has  been  associated  with  an  increase  in 
CD3‘^CD4“CD8~  lymphocytes.  It  remains  to  be  determined  whether  infection 
with  viruses  other  than  HiV-t  can  lead  to  an  increase  in  these  cells. 
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Flow  Cytometric  Analysis  of  -yS  T  Cells  and  Natural  Killer  Cells 

in  HIV-1  Infection 

JosF —  '^argolick,  Elvia  R.  Scott,  Nancy  Odaka,  and 
Alfred  J.  Saah 

Departments  tmental  Health  Sciences  and  Epidemiology,-  Johns  Hopkins  School  of 

.jygiene  and  Public  Health.  Baltimore,  Maryland  21205 

We  have  previously  shown  that  HIV-1  seropositivity  is  associated  with  an  increase  in 
the  difference  between  the  number  of  CD3  lymphocytes  and  the  total  number  of  CD4  * 
and  COS  lymphocytes  (CD3  -  <CD4  CDS)]  among  peripheral  blood  lymphocytes 
(PBL).  To  investigate  the  cellular  basis  of  this  increase,  PBL  from  seronegative  (SN)  and 
AIDS-free  seropositive  (SP)  homosexual  men  and  Intravenous  drug  users  were  analyzed 
by  two-color  flow  cytometry.  Results  showed  that  SP  compared  to  SN  manifested  the 
expected  elevation  in  calculated  [CD3  -  (CD4  C06)]  cells  (87  vs  28  cells/mm^  P  < 
O.IMI).  Only  small  differences  in  lymphocyte  populations  that  could  contribute  to  this 
increase  were  observed,  namely  lymphocytes  expressing  the  CD3'^CD4~CD8~  pheno¬ 
type  (67  vs  56  cells/mm':  P  >  0. 10)  or  the  CDS*"  phenotype  ( 135  vs  142  cells/mm’:  P  > 

0.10).  However,  SP  had  significantly  lower  numbers  of  cells  expressing  the  CD56  '^CD3  ~ 
phenotype  characteristic  of  natural  killer  cells  (81  vs  170  cells/mm^;  P  <  0.001)  and 
significantly  higher  numbers  of  T  cells  expressing  the  yh  T  cell  receptor  (TCR)  (81  vs  62 
cells/mm^:P  =  0.010).  The  latter  difference  was  primarily  due  to  hi^r  numbers  of  cells 
coexpressing  -y&-TCR  and  low  levels  of  CD8  (27  vs  15  cells/mm*;  P  *  0.009).  These  data 
suggest  that  HIV- 1  seropositivity  is  associated  with  low  numbers  of  natural  killer  cells 
and  high  numbers  of  CD8'‘  -y&-TCR  lymfdtocytes.  Changes  in  these  populations  may 
reflect  altered  host  defense  against  HIV- 1  or  altered  T  cell  kinetics  in  the  presence  of 
HIV- 1  infection.  O  ISSI  Acaaemc  Press.  Inc. 


INTRODUCTION 

Infection  with  human  immunodeficiency  virus  (HIV),  type  1 ,  the  etiologic  agent 
of  acquired  immune  deficiency  syndrome  (AIDS),  is  associated  with  changes  in 
the  proportions  and  absolute  numbers  of  T  lymphocytes  circulating  in  the  periph¬ 
eral  blood.  In  absolute  terms,  the  largest  changes  are  a  decrease  in  CD4  lympho¬ 
cytes  and  an  increase  in  CDS  lymphocytes  (I),  but  changes  in  numerically  smaller 
T  cell  subsets  have  also  been  documented  (2-7).  Depletion  of  CD4  lymphocytes 
has  prognostic  value  for  the  progression  of  HIV-I  infection  to  AIDS  (8,  9),  but 
whether  changes  in  other  T  cell  subsets  have  prognostic  or  mechanistic  impor¬ 
tance  in  this  regard  remains  unknown. 

In  a  recent  study  of  268  seronegative  (SN)  homosexual  men  who  developed 
antibodies  to  HIV-I  (seroconverted),  we  found  that  the  difference  between  the 
total  number  of  T  lymphocytes,  as  measured  by  the  number  of  CD3*  lympho¬ 
cytes,  and  the  number  of  lymphocytes  expressing  either  CD4  or  CD8  increased 
significantly  at  the  time  of  seroconversion  (10).  This  difference  was  denoted  as 
calculated  CD3'^  -  (CD4^  +  CDS"^).  Although  the  specific  cell  population(s) 
responsible  for  this  increase  could  not  be  defined  from  the  data  available,  we 
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hypothesized  that  the  increase  in  calculated  CD3*  -  (CD4^  +  CD8*)  could 
have  been  due  to  either  (i)  an  increase  in  T  cells  expressing  the  CD3  *CD4~CD8' 
(double  negative,  or  DN)  phenotype  or  (ii)  a  decrease  in  non-T  lymphocytes 
expressing  the  CD3~CD4“CD8‘‘''"  phenotype  seen  on  some  natural  killer  (NK) 
cells  (11,  12). 

The  goal  of  the  present  study  was  to  distinguish  between  these  two  alternatives. 
Therefore,  we  analyzed  numbers  of  DN  and  NK  lymphocytes  in  HIV-1  seropos¬ 
itive  and  seronegative  individuals.  In  addition,  we  also  examined  -yS-T  cell  recep¬ 
tor  (TCR)  T  cells,  because  the  DN  phenotype  is  associated  with  expression  of  the 
'y8-TCR  (13-15)  and  some  yS-TCR”  T  cells  express  008'*""  (16). 

MATERIALS  AND  METHODS 

Study  subjects.  The  study  population  consisted  of  210  participants  in  two  pro¬ 
spective  studies  of  the  natural  history  of  HIV-1  infection.  Of  these,  204  were 
homosexual/bisexual  men  participating  in  the  Baltimore-Washington,  E)C,  chap¬ 
ter  of  the  Multicenter  AIDS  Cohort  Study  (MACS)  (17),  known  as  the  Study  to 
Help  the  AIDS  Research  Effort  (SHARE);  the  remaining  6  were  intravenous  drug 
users  (IVDUs)  participating  in  ALIVE  (AIDS  Link  to  IntraVenous  Experiences), 
a  longitudinal  study  of  HIV-1  infection  in  IVDUs  (18).  Results  included  in  the 
present  analysis  were  derived  from  participants  who  did  not  have  AIDS  at  the 
time  of  testing  and  whose  serological  status  for  antibodies  to  HIV- 1  (established 
by  commercial  ELISA  and  Western  blot  kits  (19))  was  known;  132  were  SN  and 
78  were  SP  for  HIV-1.  Except  for  seroconverters,  seropositive  subjects  from 
SHARE  have  been  seropositive  at  least  since  1984,  and  seropositive  subjects  from 
ALIVE  have  been  seropositive  at  least  since  1988-1989. 

Subjects  in  both  SHARE  and  ALIVE  visit  an  outpatient  clinic  twice  yearly  and 
undergo  a  physical  examination  and  laboratory  testing.  The  physical  examination 
includes  determination  of  (i)  symptoms  related  to  stage  of  HIV-1  infection  (i.e., 
sweats,  weight  loss,  fever,  diarrhea,  or  thrush);  (ii)  other  symptoms;  and  (iii) 
medications  taken.  Of  the  78  seropositive  individuals  studied,  only  7  had  two  or 
more  HIV-related  symptoms  and  13  were  known  to  have  taken  AZT  within  the 
last  6  months.  The  laboratory  examination  includes  determination  of  HIV-1  se- 
rostatus.  as  above,  and  measurement  of  T  cell  subsets  as  described  below. 

Measurement  ofT  cell  subsets.  Specimens  for  the  present  study  were  selected 
randomly  from  those  sent  to  the  laboratory  for  measurement  of  T  cell  subsets.  On 
any  given  day,  specimens  from  both  seronegative  and  seropositive  individuals 
were  run.  Specimens  of  heparinized  whole  blood  were  stained  with  monoclonal 
antibodies  using  the  whole  blood  method  of  Hoffman  et  al.  (20)  as  described  (21). 
Briefly,  antibodies  conjugated  to  either  fluorescein  isothiocyanate  (FITC)  or  phy- 
coerythrin  (PE)  were  added  and,  after  staining  for  20  min  on  ice  and  10  min  at 
room  temperature,  the  erythrocytes  were  lysed  using  an  ammonium  chloride- 
based  lysing  solution  (NIH  natural  history  kit,  Becton-Dickinson,  Mountain 
View.  CA).  The  stained  lymphocytes  were  fixed  in  1%  paraformaldehyde  (pre¬ 
pared  at  the  time  of  use  from  10%  ultrapure  EM  grade  formaldehyde.  Poly¬ 
sciences,  Warrington,  PA)  and  proportions  of  stained  cells  were  quantitated 
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within  48  hr  using  the  EPICS  C  flow  cytometer  (Coulter  Electronics,  Hialeah,  FL) 
with  software  (Quadstat)  for  two-color  analyses. 

For  the  flow  cytometric  analyses,  lymphocytes  were  gated  based  on  forward 
and  90°  light  scatter  on  linear  scales;  a  wide  gate  was  intentionally  set  to  maximize 
inclusion  of  large  granular  lymphocytes.  Five  thousand  cells  were  counted  for 
each  antibody  combination.  The  percentage  of  positive  cells  for  each  marker  or 
combination  of  markers  was  determined  by  dividing  the  number  of  positive  events 
by  50(X),  after  subtracting  the  number  of  background  events  obtained  with  an 
appropriately  conjugated  isotype  control  antibody,  as  described  below.  Absolute 
numbers  (cells/mm^)  of  lymphocyte  subsets  were  calculated  by  multiplying  the 
percentage  of  positive  cells  for  a  given  subset  by  the  number  of  lymphocytes  per 
mm^  in  the  peripheral  blood,  as  determined  from  a  complete  blood  count  with  an 
automated  10,000  cell  differential. 

Several  types  of  controls  were  used  for  assessing  background  staining  and 
setting  fluorescence  cutoffs.  First,  nonspecific  staining  was  detected  with  a  re¬ 
agent  combination  of  IgG,-FlTC  and  IgGi-PE.  In  addition,  to  assure  that  fluores¬ 
cence  measurements  in  the  two-color  preparations  were  accurate,  fluorescence 
cutoffs  were  also  checked  using  each  FITC-  and  PE-conjugated  antibody  by  itself 
to  set  the  PE  and  FITC  cutoffs,  respectively,  and  to  set  color  compei.saiion.  At 
the  same  time,  background  levels  of  green  fluorescence  were  also  determined  in 
antibody  combinations  with  a  distinct  negative  population,  such  as  anti- 
CD4/anti-CD8  and  anti-CD3/anti-TCR8-l  (see  below).  This  latter  method  was 
used  exclusively  after  early  experiments  demonstrated  clearly  that  the  cutoffs  for 
both  green  and  red  background  fluorescence  obtained  from  the  single  color  con¬ 
trols  were  equivalent  to  those  obtained  from  the  negative  populations  in  the  two- 
color  specimens.  Finally,  after  the  cutoffs  were  set  any  events  counted  as  positive 
in  unstained  specimens  were  subtracted  from  the  counts  of  positive  events  in  the 
stained  specimens.  Contamination  of  the  lymphocyte  population  with  unlysed 
erythrocytes  and  with  neutrophils  and  monocytes  was  assessed  using  the  combi¬ 
nation  of  anti-CD45-FITC  and  anti-CD14-PE.  All  of  the  specimens  contained  at 
least  95%  lymphocytes  (brightly  positive  for  CD45  and  negative  for  CD14)  and 
less  than  2%  monocytes  (brightly  positive  for  both  CD4S  and  CD14). 

The  antibody  combinations  used  for  each  specimen,  in  addition  to  the  above 
controls,  were  (i)  anti-Leu  4-FITC  (CD3;  total  T  cells)  and  control  lgG|-PE;  (ii) 
anti-Leu  3a-PE  (CD4;  helper-inducer  T  cells)  and  anti-Leu  2a-FITC  (CDS;  sup¬ 
pressor-cytotoxic  T  cells);  (iii)  anti-TCR8-l-FITC  (TCR  8  chain  (22).  T  Cell  Sci¬ 
ences,  Cambridge,  MA)  and  anti-Leu  4-PE;  (iv)  TCR8-1-FITC  and  anti-Leu  2a- 
PE;  and  (v)  anti-CD3-FITC  and  anti-Leu  19-PE  (CD56)  or,  in  later  experiments, 
a  combination  of  anti-CD3-FITC  with  both  anti-CD56-PE  and  anti-Leu  11c 
(CD16)-PE.  In  a  sixth  tube,  anti-CD3-FITC,  anti-CD4-PE,  and  anti-CD8-PE  were 
added  for  the  direct  identiflcation  of  CD3'^CD4~CD8~  cells;  each  antibody  was 
added  at  the  manufacturer’s  recommended  concentrations,  which  gave  equivalent 
results  when  used  separately  or  in  combination.  NK  cells  were  identified  as 
CD3“CD56’'  or  CD3~CD16*CD56'’'  cells  (23);  specimens  stained  with  both  an¬ 
tibody  combinations  generally  agreed  to  within  1%.  All  antibodies  except  TCR8-1 
were  obtained  from  Becton-Dickinson.  Aside  from  the  CD4-PE/CD8-FITC  and 
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anti-CD3-FITC/anti-CD56-PE/anti-CD16-PE  combinations,  which  were  pur¬ 
chased  premixed,  all  antibody  combinations  were  prepared  at  the  time  of  staining 
by  adding  the  antibodies  to  the  staining  tubes  immediately  prior  to  the  addition  of 
the  whole  blood. 

For  the  determination  of  numbers  of  CDS**""  cells,  one-color  histograms  derived 
from  cells  stained  with  anti-CD8-PE  alone  were  used.  As  shown  in  Fig.  1 ,  the  left 
cursor  was  set  from  background  staining,  and  the  right  cursor  was  set  by  mutual 
agreement  of  two  observers  based  on  the  apparent  lower  boundary  of  the  bright 
population.  In  the  few  cases  where  there  was  not  a  clear  demarcation  between  the 
bright  and  dim  populations  of  CDS'*'  cells,  this  cursor  was  set  conservatively,  i.e., 
to  include  only  cells  clearly  not  part  of  the  bright  ix>pulation. 

During  this  study,  our  laboratory  participated  in  a  quality  control  program 
conducted  by  the  four  flow  cytometry  laboratories  in  the  MACS.  Every  week 
since  July,  1988,  lymphocyte  subsets  have  been  measured  in  aliquots  of  two 
samples  of  peripheral  blood  shipped  to  each  laboratory  within  24  hr  of  venipunc¬ 
ture.  Our  measurements  of  CD3^,  CEW",  CD8''',  CD20'’‘,  and  CD3“CD56" 
lymphocytes  have  been  similar- to  those  of  the  other  centers  in  the  program  (data 
not  shown),  supporting  the  validity  of  the  measurements  of  the  dim  CD56  reported 
in  this  study.  In  addition,  as  part  of  this  quality  control  program  the  flow  cytom¬ 
eter  used  in  these  studies  underwent  a  thorough  calibration  and  adjustment  for  the 
detection  of  dim  markers  such  as  CD56  and  CD8‘*“". 

Statistical  analysis.  Analyses  and  graphics  were  performed  on  a  personal  com¬ 
puter  using  a  commercially  available  software  package  (24,  25).  Subjects  were 
divided  into  two  groups:  seronegative  (n  =  132)  and  seropositive  without  AIDS  ( n 
=  78).  Data  from  the  two  groups  were  compared  using  descriptive  data  analysis 
techniques,  as  described  by  Tukey  (26).  Significance  of  differences  between  the 
groups  was  determined  by  analysis  of  variance  (ANOVA)  as  described  by  Sne- 
decor  and  Cochran  (27).  Absolute  numbers  of  cells  were  log  normally  distributed 
and  were  log  transformed  for  testing  of  significance  of  differences  and  estimation 
of  95%  confidence  intervals  for  geometric  means. 


Fig.  I .  Representative  histogram  showing  measurement  of  €09“"  lymphocytes.  The  boundary 
between  unstained  and  stained  cells  (left  cursor)  was  set  using  cells  incubated  with  an  isotype  control 
antibody.  The  boundary  between  dimly  and  brightly  stained  cells  (right  cursor)  was  set  empirically 
assuming  a  normal  distribution  of  brightly  stained  cells. 
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RESULTS 

Table  1  shows  the  geometric  means  for  the  absolute  numbers  of  lymphocyte 
subsets  for  the  HIV- 1  SN  and  SP  groups.  As  expected,  SP  had  lower  CD4  levels 
and  higher  CDS  levels  than  SN,  and  these  differences  were  statistically  signifi¬ 
cant.  SP  also  demonstrated  a  markedly  higher  geometric  mean  calculated  CD3" 
-  (CEM"^  +  CDS*),  consistent  with  our  previous  report  (10).  Thus,  it  was  pos¬ 
sible  to  assess  the  extent  to  which  differences  in  CDS**""  cells  and  directly  mea¬ 
sured  CD3*CD4"CDS‘'  (true  DN)  cells  contributed  to  the  difference  in  calcu¬ 
lated  CD3*  -  (CD4*  +  CDS*).  ■ 

Figure  2  and  Table  1  summarize  the  numbers  of  CDS**""  cells  and  true  DN  cells 
observed  in  the  two  groups.  Compared  to  the  SN  group,  the  geometric  mean 
number  of  CDS**""  .ells  in  the  SP  group  (125  ±  66  cells/mm^)  was  7  cells/mm^ 
lower  than  in  the  SN  group  (132  ±  64  cells/mm^),  and  the  mean  number  of  DN 
cells  was  11  cells/mm^  greater  (Table  1);  neither  difference  was  statistically  sig¬ 
nificant,  and  these  analyses  were  discontinued  after  the  34  SN  and  30  SP  shown 
in  Table  1  had  been  studied.  However,  initial  analyses  of  NK  and  yh  cells  showed 
larger  differences  and  these  analyses  were  therefore  conducted  on  additional  sub¬ 
jects.  Using  the  CD56*CD3“  phenotype  to  define  NK  cells,  SP  individuals  man¬ 
ifested  a  mean  number  of  NK  cells  that  was  52%  lower  than  in  SN  (Table  1),  a 
difference  that  was  highly  statistically  significant  (P  <  0.001).  Numbers  of  NK 
cells  were  low  even  for  SP  subjects  who  had  relatively  high  numbers  of  CD4 
lymphocytes  (>500  cells/mm^;  Fig.  3).  Interestingly,  the  two  SP  individuals  who 
had  the  highest  numbers  of  NK  cells  (Fig.  3)  had  both  recently  begun  taking  AZT, 
suggesting  an  effect  of  AZT  on  NK  ceil  number. 

yS-TCR  T  cells  were  detected  in  all  individuals  using  the  TCR8-1  antibody.  All 
TCR8*  cells  were  also  CD3  *  (data  not  shown),  so  that  the  CD8/TCR8-1  antibody 
combination  could  be  interpreted  to  delineate  those  78-TCR*  cells  that  did  or  did 


TABLE  1 

Absolute  Numbers  of  Lymphocytes  in  Peripheral  Blood  of  HIV-I  Seronegative  and 
Seropositive  Individuals  Studied 


Seronegative 

Seropositive 

Mean” 

(95%  C.I.)* 

n 

Mean 

(95%  C.I.) 

n 

P 

CD3 

1750 

(1673.  1831) 

132 

1589 

(1471,  1715) 

78 

0.022 

CD4 

1125 

(1075,  1177) 

132 

428 

(365,  501) 

78 

,0.001 

CDS 

CD3  -  (CD4  +  CDSr 

564 

(524,  606) 

132 

970 

(879,  1071) 

78 

<0.001 

(calculated  DN) 

CD3’^  CD4-  CD8-^ 

28 

(8,48) 

34 

87 

(59,  115) 

30 

<0.001 

(calculated  DN) 

56 

(46,  69) 

34 

67 

(53,  87) 

30 

0.257 

NK(CD56*  CD3-) 

170 

(150,  193) 

no 

81 

(66.99) 

60 

<0.001 

S-TCR 

62 

(56,  70) 

132 

81 

(68.  96) 

77 

0.010 

S-TCR/CDS’^ 

15 

(12.  20) 

50 

27 

(19.  37) 

41 

0.009 

“  Geometric  mean  numbers  of  cells/mm’. 

"  95%  confidence  interval  of  the  mean. 

Data  for  these  two  groups  were  derived  from  the  same  individuals. 
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Fic.  2.  Plot  of  absolute  numbers  (per  mm’)  of  lymphocytes  in  peripheral  blood  of  HIV-I  seroneg¬ 
ative  and  seropositive  individuals  stuped:  <a)  Cng^  lymphocytes  and  (b)  CD3'*'CD4"CD8~  (double 
negative)  lymphocytes.  Solid  lines  indicate  the  geometric  means  for  each  group.  Points  have  been 
displaced  slightly  laterally  and  vertically  for  clarity. 


not  express  CDS.  All  CDS"^  ^S-TCR"^  cells  expressed  CDS^  (data  not  shown). 
As  shown  in  Table  1  and  Fig.  4a,  SP  had  slightly  higher  numbers  of  yS  cells  than 
SN.  and  this  difference  was  statistically  significant.  Of  note,  the  subset  of  yb  T 
cells  expressing  CDS  was  statistically  higher  in  the  SP  than  in  the  SN  (Table  I  and 
Fig.  4b)  and  accounted  for  most  (12  out  of  19  cells/mm^)  of  the  difference  in 
yS-TCR*  celts.  Because  of  these  differences,  CDS*^  cells  represented  a  geometric 
mean  of  30%  of  yb  cells  in  the  SN  but  more  than  41%  of  78  cells  in  the  SP. 

Because  of  their  lower  levels  of  NK  cells  and  higher  levels  of  CDS*““  78  T  cells. 
SP  had  a  higher  percentage  of  78  ceils  expressing  CD3  among  the  CDS^  popu- 
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AbMliit*  CIM  C«lto 

Fig.  3.  Scattergram  of  relationship  between  absolute  numbers  (per  mm’)  of  NK  cells  and  CD4* 
lymphocytes  in  HIV-I  seronegative  subjects  (open  circles)  and  HIV-I  seropositive  subjects  (closed 
circles). 


lation  than  the  SN  group  (31%  vs  14%.  P  =  0.(X)2;  Fig.  5).  In  7/30  SP  cases,  the 
proportion  of  >8  T  ceils  among  the  CD8^""  population  exceeded  S0%.  and  in  15/30 
cases  the  proportion  was  more  than  25%.  In  contrast,  only  3  of  34  SN  exceeded 
25%.  Thus,  the  CD8^“"  cells  were  composed  predominantly  of  NK  cells  in  the  SN 
group,  but  frequently  contained  a  large  proportion  of  yh  T  cells  in  the  SP  group. 

The  relationship  between  the  number  of  c^culated[CD3'^  -  (CD4*  +  CDS*^)] 
cells  and  the  number  of  directly  measured  CD3*CD4"CD8"  (true  DN)  cells  is 
shown  in  Fig.  6.  These  parameters  were  significantly  correlated  (r  »  0.48;  P  < 
0.001).  and  this  correlation  was  similar  for  both  SN  and  SP  groups,  although  the 
range  of  values  observed  was  greater  in  the  latter  group.  In  contrast,  there  was  no 
significant  correlation  between  the  number  of  calculated  CD3*  -  (CEM*^  + 
CDS*^)  and  the  number  of  CD8*‘“"  cells  when  all  study  participants  were  analyzed 
(r  =  0.016;  P  >  O.IO).  However,  significant  correlations  for  these  parameters 
were  observed  when  the  serostatus  of  the  individual  was  taken  into  account  (r  = 
-0.47,  P  =  0.029  for  SN;  r  =  0.42,  P  =  0.037  for  SP).  That  these  parameters 
were  oppositely  correlated  in  the  two  serostatus  groups  probably  reflects  the 
differing  types  of  CDS'**"*  cells  present  in  each  group,  as  noted  above. 

DISCUSSION 

In  this  study  we  analyzed  differences  in  numbers  of  NK  cells  and  78  T  cells  in 
groups  of  HIV-1  seronegative  and  AIDS-free  HIV-1  seropositive  individuals,  pri¬ 
marily  homosexual  or  bisexual  men.  The  most  striking  finding  was  a  much  lower 
number  of  NK  cells  in  the  SP  group,  as  measured  by  the  CD56*CD3~  or 
CD56'^CDI6'^CD3~  phenotypes.  SP  also  had  higher  numbers  of  78  T  cells,  most 
of  this  difference  being  accounted  for  by  a  80%  rise  in  the  subset  of  these  cells 
which  expresses  dim  levels  of  CDS.  These  differences  are  most  likely  due  to 


•y*  T  CELLS  AND  NK  CELLS  IN  HIV-1  INFECTION 


133 


b  mV  S«ro*Utiw 

F.v.  4.  Plot  of  absolute  numbers  (per  mm’)  of  circulating  (a)  -yb-TCR  T  cells  and  (b)  tS-TCR  T  cells 
expressing  CDS  in  peripheral  blood  of  HIV-I  seronegative  and  seropositive  individuals  studied.  Solid 
lines  indicate  the  geometric  means  for  each  group.  Points  have  been  displaced  slightly  laterally  and 
vertically  for  clarity. 

infection  with  HIV-I.  because  the  SP  studied  had  few  clinical  symptoms  or  in¬ 
fections  other  than  HIV;  however,  this  conclusion  remains  to  be  directly  demon¬ 
strated  in  prospective  studies. 

Although  it  is  sometimes  assumed  that  CDS**”"  lymphocytes  represent  NK  cells, 
our  data  indicate  that  in  SN  a  mean  of  14%  of  these  cells  were  actually  yh  T  cells 
expressing  CD3,  and  that  this  figure  was  substantially  higher  in  many  SP.  How¬ 
ever.  these  data  should  be  considered  approximate  since  they  are  based  on  a 
somewhat  arbitrary  method  for  discriminating  between  CDS^"  and  CDS*’"*'" 
cells.  Imprecision  in  this  discrimination  may  account  for  our  inability  to  find  a 
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Fig.  5.  Plot  of  proportion  of  circulating  CDS'*""  lymphocytes  In  peripheral  blood  of  HIV-1  sero¬ 
negative  and  seropositive  individuals  studied  which  express  the  CD3  *  yS-TCR'  phenotype.  Data  are 
calculated  as  (%TCRS-I  -  %CD8‘*"")  x  |00.  Solid  lines  indicate  the  geometric  means  for  each  group. 

Points  have  been  displaced  slightly  laterally  and  vertically  for  clarity. 


difference  in  CDS**""  cells  between  the  SN  and  SP  subject  groups:  alternatively,  it 
is  possible  that  some  NK  cells  in  some  individuals  express  levels  of  CDS  that  are 
bright  enough  to  overlap  with  those  found  on  T  cells.  Although  technical  factors 
can  dramatically  affect  the  measurement  of  dimly  positive  markers  such  as 
CDS**""  or  CD56  on  lymphocytes,  these  factors  were  minimized  in  the  present 
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Fig.  6.  Scattergram  showing  relationship  between  calculated  CD3*'  -  (CD4*  *  CDS')  and  di¬ 
rectly  measured  ON  (i.e..  CD3*'CD4'CD8~)  lymphocytes  in  subjects  studied.  Calculated  regression 
line  is  y  -  57.4  +  0.293jr;  correlation  coefficient  is  0.48. 
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Study  by  participation  in  the  flow  cytometry  quality  program  of  the  MACS,  as 
described  under  Materials  and  Methods. 

The  data  obtained  in  this  study  support  the  interpretation  that  the  large  rise  in 
calculated  CD3''  -  (CD4^  +  CDS"^)  observed  in  the  first  year  after  serocon¬ 
version  in  our  earlier  study  (10)  is  due  primarily  to  a  fall  in  CDS'*"”  NK  cells.  The 
magnitude  of  the  increase  observed  in  that  study  (approximately  40  cells/mm^)  is 
too  large  to  be  explained  by  changes  in  CD3  "CD4”CD8  '  or  yb  lymphocytes,  but 
would  be  entirely  consistent  with  the  magnitude  of  the  difference  in  the  number  of 
NK  cells  observed  in  the  present  study  and  reported  data  that  approximately 
30-50%  of  NK  cells  express  CDS  (11,  12).  There  are  no  reported  prospective 
studies  of  changes  in  NK  cell  numbers  in  relation  to  HIV-1  seroconversion,  and 
most  cross-sectional  studies  have  found  little  or  no  change  in  CD16*Leu7*  cells 
in  the  early  stages  of  HIV-1  infection  (reviewed  in  (2S)).  However.  Vuillier  et  al. 
(29)  found  a  decrease  in  NK  cell  number  in  HIV-1  infection  using  anti-CD56 
antibodies,  which  most  accurately  identify  cells  with  NK  activity.  Our  results 
extend  these  by  demonstrating  that  the  decrease  is  in  CD56'''  cells  that  are  CD3  ’ . 
On  the  other  hand,  several  studies  have  shown  a  decrease  in  NK  cell  function  in 
HIV-1  SP  compared  to  SN  (reviewed  in  (2S)).  and  anti-HIV- 1  NK  activity  has 
been  reported  (30,  31).  Taken  together,  the  available  data  suggest  that  NK  cells 
decrease  very  soon  after  HIV-1  seroconversion,  along  with  NK  cell  function,  and 
that  this  decrease  in  NK  cell  number  may  predispose  to  progression  of  HlV-1 
infection.  The  more  gradual  rise  in  calculated  CD3'  -  (CD4"  +  CDS')  seen 
beyond  the  first  year  after  seroconversion  could  be  due  to  a  further  decline  in  NK 
cells,  to  the  increase  in  true  DN  T  cells  observed  in  the  present  study,  or  a 
combination  of  both. 

The  present  findings  of  higher  levels  of  yb  T  cells,  and  particularly  the  CDS* 
subset  of  these  cells,  confirm  and  extend  the  recent  study  of  Autran  et  al.  (32). 
who  reported  that  the  total  number  of  yb  cells  was  slightly,  although  not  signifi¬ 
cantly.  higher  in  HIV-1  seropositive  individuals  compared  to  seronegatives. 
These  authors  also  found  significantly  higher  levels  of  the  subset  of  cells 
recognized  by  the  monoclonal  antibody  8TCS-1.  Thus,  it  appears  that  infection 
with  HlV-1  may  preferentially  alter  the  expression  of  distinct  populations  of  yb 
cells  out  of  proportion  to  relatively  small  effects  on  the  total  numbers  of  these 
cells.  While  the  importance  of  these  changes  in  subsets  of  yb  T  cells  remains  to  be 
determined,  anti-viral  activity  and  anti-mycobacterial  activity  by  78  T  cells  have 
been  reported  (13.  33,  34)  and  could  represent  important  mechanisms  of  host 
defense  against  HIV-1  and/or  opportunistic  infections.  Moretta  et  al.  (35)  have 
reported  that  CDS*  78  cells  express  a  55-kDa  product  of  the  C.,2a  instead  of 
the  42-kDa  protein  more  commonly  found  on  78  cells,  and  that  expression  of  CDS 
was  associated  with  expression  of  the  BB-3  antigen  found  on  thymic  78  cells. 
These  observations  suggest  that  CDS*  78  cells  may  represent  immature  T  cells 
and  possibly  precursors  of  mature  T  cells  in  the  peripheral  blood. 

Whether  any  of  the  differences  in  lymphocyte  populations  observed  between 
SP  and  SN  have  prognostic  importance  for  HIV-I  infection  remains  to  be  deter¬ 
mined  from  prospective  studies.  Such  studies  will  be  facilitated  by  a  better  un- 
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derstanding  of  the  changes  in  lymphocyte  populations  occurring  in  relation  to 
HIV-1  infection. 
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We  have  examined  the  ability  of  mice  with  severe  combined  immunodeficiency  (SCID  mice)  reconstituted 
with  human  peripheral  blood  mononuclear  cells  i  PBMC)  to  generate  human  antibody  responses  after  specific 
immunization.  SCID  mice  reconstituted  with  cells  from  a  keyhole  limpet  hemocyanin  iKLHI-naive  donor  are 
unable  to  generate  specific  human  antibody  responses  after  immunization  with  that  antigen.  After  KLH 
immunization,  SCID  mouse  recipients  of  human  PBMC  from  a  KLH-immune  subject  develop  specific  human 
antibody  levels  exceeding  those  of  the  donor.  Human  antitetanus  antibody  titers  in  reconstituted,  immunized 
mice  are  also  equivalent  to  those  of  the  donor,  provided  that  the  mice  are  immunized  within  days  of  human  cell 
transplantation.  The  ability  of  reconstituted  mice  to  generate  high  titers  of  specific  human  antibody  is  lost 
within  35  days  of  human  cell  reconstitution,  even  though  titers  of  total  human  immunoglobulin  ilg)  are 
preserved.  SCID  mice  reconstituted  with  tetanus-immune  donor  cells  fail  to  generate  IgA  responses  after 
booster  immunization,  and  IgM  responses  are  low  or  nonexistent.  These  data  indicate  that  early  exposure  of 
the  adoptive  recipients  of  human  cells  to  antigen  is  required  to  transfer  specific  human  humoral  responses. 

These  findings  are  also  consistent  with  a  requirement  for  persistence  of  antigen  for  the  maintenance  of  B-cell 
memory.  The  ability  to  achieve  specific  human  antibody  levels  equivalent  to  those  obtained  with  humans 
indicates  that  reconstituted  mice  may  be  useful  for  the  evaluation  of  human  antibody-mediated  mechanisms  of 
resistance  to  infection.  The  data  indicate,  however,  that  cells  from  immunized  donors  will  have  to  be  used  for 
such  studies. 


CB.17 scid/scid  mice  (SCID  mice)  lack  functional  B  and  T 
lymphocytes  and  therefore  are  unable  to  reject  allogeneic 
and  xenogeneic  tissue  grafts  (1).  Two  groups  of  investigators 
have  demonstrated  that  human  lymphocytes  can  be  trans¬ 
ferred  into  these  mice,  with  resultant  spontaneous  produc¬ 
tion  of  human  immunoglobulin  (Ig).  In  one  of  these  models 
(the  SCID/Hu  mouse  model),  the  mice  are  reconstituted  with 
human  fetal  liver,  thymus,  and  lymph  nodes  (5).  In  the  other, 
the  Hu-PBL/SCID  mouse  model,  the  mice  are  reconstituted 
by  intraperitoneal  (i.p.)  transplantation  of  human  peripheral 
blood  mononuclear  cells  (PBMC)  (6).  In  both  the  Hu-PBLy 
SCID  and  SCID/Hu  mouse  models,  circulating  human  Ig  can 
be  detected  within  a  few  weeks  of  transplantation  of  human 
cells  or  tissues.  In  the  case  of  the  Hu-PBL/SCID  mice, 
specific  antibody  responses  to  tetanus  toxoid  (TT)  immuni¬ 
zation  have  also  been  demonstrated  (6). 

Much  of  the  interest  in  reconstituted  SCID  mice  derives 
from'  their  potential  use  for  studying  immunoprophylactic 
and  therapeutic  treatments  of  cells  infected  with  human 
immunodeficiency  virus.  Since  human  lymphocytes  survive 
and  function  in  the  mice  for  periods  of  several  months  (6), 
the  mice  potentially  provide  a  practical  alternative  to  studies 
with  primates,  which  are  more  expensive  and  much  less 
accessible. 

Use  of  this  mouse  model  to  analyze  immunoprophylactic 
regimens  will  depend  on  the  generation  in  the  mice  of  human 
immune  responses  that  arc  equivalent  in  magnitude  to  those 
obtained  with  immunized  humans.  Previous  studies  of  spe¬ 
cific  immune  responses  to  TT  in  Hu-PBL/SCID  mice  dem- 
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onstrated  antibody  levels  which  were  5  to  1()'7  of  those 
observed  with  immunized  humans  (6).  The  current  studies 
were  undertaken  to  determine  the  optimal  conditions  under 
which  SCID  mice  reconstituted  with  human  PBMC  generate 
sptecific  human  antibody  in  response  to  in  vivo  antigenic 
challenge. 

Our  results  indicate  that  donor  immune  status  and  the 
timing  of  recipient  immunization  are  critical  to  the  successful 
transfer  of  human  humoral  immunity  to  murine  graft  recipi¬ 
ents.  Hu-PBL/SCID  mice  are  unable  to  generate  primary 
immune  responses  to  exogenous  antigens  to  which  the  donor 
has  never  been  exposed.  However,  with  appropriate  immu¬ 
nization  regimens  for  human  donor  and  recipient  mice. 
Hu-PBL/SCID  mice  can  generate  human  antibody  responses 
which  are  equivalent  in  magnitude  to  those  observed  with 
immunized  humans. 

MATERIALS  AND  METHODS 

Mice.  SCID  mice  were  raised  in  a  colony  maintained  at  the 
Johns  Hopkins  Hospital  Oncology  Center.  The  colony  was 
derived  from  mice  kindly  provided  by  Leonard  Shultz  of  the 
Jackson  Laboratory,  Bar  Harbor,  Maine.  The  mice  were 
maintained  in  microisolator  cages  (Lab  Products.  Maywood, 
N.J.)  were  fed  autoclaved  mouse  chow,  and  received  tri¬ 
methoprim-sulfamethoxazole  (Roche  Laboratories.  Nutley. 
N.J.)  (5  ml  of  a  suspension  of  80  mg  of  trimethoprim  and  400 
mg  of  sulfamethoxazole  in  500  ml  of  acidified  drinking  water) 
3  consecutive  days  per  week.  Donors  of  human  cells  were 
normal  subjects  who  had  been  immunized  with  TT  or 
keyhole  limpet  hemocyanin  (KLH).  In  the  case  of  TT.  the 
exact  time  of  immunization  is  known  only  for  the  recently 
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immunized  subjects  (indicated  in  Results).  For  subjects  not 
recently  immunized,  the  times  since  their  last  immunizations 
exceed  at  least  .3  years.  The  KLH-immune  donor  had  last 
been  immunized  IS  months  previously  as  part  of  a  regimen 
involving  three  KLH  immunizations  over  a  1-year  pericxl. 
Heparinized  blood  was  obtained  from  these  donors,  and 
PBMC  were  separated  from  erythrocytes  and  granulocytes 
by  Ficoll-Hypaque  density  gradient  centrifugation.  Eight- 
week-old  mice  were  reconstituted  by  administration  of  1.25 
X  10^  of  these  PBMC  by  the  i.p.  route. 

Immunization  of  mice.  Mice  were  inoculated  i.p.  with  1.0 
Lf  units  of  TT  (Wyeth  Laboratories,  .Marietta.  Pa.)  or  25  jig 
of  KLH  (Sigma  Chemicals,  St.  Louis.  Mo.)  adsorbed  to 
alum  at  the"  indicated  time  intervals  after  transplantation  of 
human  PBMC. 

.Antigens  for  in  vitro  assays.  Preservative-free  TT  was  the 
generous  gift  of  Frank  McCarthy,  Wyeth  Laboratories. 

ELISA  antibody  detection.  Total  human  anti-TT  and  anti- 
KLH  antibodies,  as  well  as  specific  IgA  and  IgM  antibodies, 
were  detected  by  enzyme-linked  immunosorbent  assay 
(ELISA).  Purified  TT  (0.00  |ig  per  well)  and  KLH  (0.2  (ig  per 
well)  antigens  were  diluted  in  carbonate  buffer  (pH  0.6)  and 
adsorbed  to  06-well  microtiter  plates  ( Immulon  2;  Dynatech, 
Chantilly.  Va.).  After  being  washed  three  times  in  phos¬ 
phate-buffered  saline  ( PBS)-Tween.  the  plates  were  blocked 
with  5''f  bovine  serum  albumin  (BSA)  (1  to  2  h,  37°C).  The 
plates  were  then  washed  and  serial  serum  dilutions  were 
added  (eight  fourfold  dilutions  starting  at  I  S).  Sera  were 
incubated  twernight  at  4’C  and  washed  again.  Goat  anti¬ 
human  IgG  (heavy-  and  light-chain  specific)  alkaline  phos- 
phafa.se  conjugate  /  Kirkegaard  &  Perry.  Gaithersburg,  Md.). 
diluted  1:50. (MK)  in  PBS-Tween-BSA.  was  added  to  the  plates 
and  incubated  for  2  h  at  37’C.  For  measurement  of  IgA  and 
IgM  antib<idies.  alkaline-phosphatase-conjugated  hcavy- 
ehain-specific  goat  anti-human  IgA  (diluted  1:4.000)  and  IgM 
(diluted  LlO.tXK))  antibodies  were  used  (Jackson  Immuno- 
Research  Company.  Inc..  West  Grove,  Pa.).  The  plates  were 
washed,  and  p-nitrophenylphosphate  substrate  in  diethanol¬ 
amine  buffer  (pH  O.S)  was  added.  After  incubation  for  30  min 
in  the  dark  at  rwm  temperature.  3  M  sodium  hydroxide  was 
added  to  each  well  and  the  plates  were  read  at  405  nm.  The 
titers  of  antibody  in  the  donors  and  the  mice  are  expressed  as 
the  reciprocal  of  the  highest  dilution  at  which  optical  density 
values  above  background  were  observed.  Because  no  indi¬ 
viduals  who  had  not  been  immunized  against  TT  could  be 
identified,  control  wells  for  the  human  sera  obtained  directly 
from  the  human  subjects  were  simply  microwells  to  which 
no  experimental  sera  were  added.  Control  wells  for  measure¬ 
ment  of  human  antibody  in  sera  frttm  Hu-PBLSCID  mice 
contained  normal  mouse  serum.  Human  sera  for  titers  of 
preexisting  antibody  in  the  donors  were  obtained  at  the  time 
that  the  PBMC  were  obtained  for  reconstitution  of  the  mice. 
F«Jr  some  studies,  quantities  of  specific  antibody  were  deter¬ 
mined  by  comparing  optical  density  readings  of  the  experi¬ 
mental  sample  with  those  generated  by  standard  curves  of 
human  Ig  run  in  the  same  assay. 

Human  subjects.  Fifty  to  2(K)  ml  of  human  peripheral  blood 
was  obtained  from  subjects  before  and  after  immunization 
w ith  TT  (ID  Lf  units  in  0.5  ml )  or  KLH  ( 100  p.g)  adsorbed  to 
aluminum  phosphate,  administered  intramuscularly.  Immu¬ 
nizations  and  phlebotomy  for  reconstitution  of  SCID  mice 
were  approved  by  institutional  human  studies  review  com¬ 
mittees. 


TABLE  1.  Effect  of  donor  immune  status  and  recipient  booster 
immunization  on  generation  of  human  antibody  to 
KLH  in  Hu-PBLSCID  chimeric  mice 


Day  after  BrHKter  imntuniealiun 
cell  transfer  .r  days  alter  transfer 


RecipriKal  mei"  in  mice 
immunised  with  cells  from: 


KLH-immune  KLH-nunimmune 
donoi*  donor 


} 

No 

<4 

<4 

10 

No 

64 

<4 

10 

•Yes 

640 

<4 

17 

No 

:.560 

<4 

17 

Yes 

>10.240 

<4 

■'  Geometric  mean  titer  of  three  microwells  containing  pooled  serum  sam¬ 
ples  from  three  mice. 

Immunized  Iff  months  previously:  anIi-KLH  titer.  1  h.llllll. 


RESULTS 

Response  of  Hu-PBLySCID  mice  to  primary  immunization. 

Twenty  SCID  mice  were  each  reconstituted  i.p.  with  2  x  10’ 
human  PBMC  from  either  a  KLH-immune  donor  (with  an 
anti-KLH  titer  of  1/6,000:  donor  was  immunized  with  KLH 
for  the  third  time  over  a  1-year  period  ending  18  months  prior 
to  study)  or  a  nonimmune  donor.  Three  days  after  cell 
transfer,  mice  were  randomized  to  receive  KLH  (i.p.:  25  ng 
adsorbed  to  aluminum  phosphate)  or  no  treatment.  Two 
mice  from  each  group  were  bled  and  sacrificed  on  days  3. 10, 
and  17  after  cell  transfer.  Anti-KLH  antibody  in  serum  was 
measured  by  ELISA.  The  antibody  levels  achieved  with 
different  immunization  protocols  are  shown  in  Table  1.  By  17 
days  after  transfer  of  cells,  mice  reconstituted  with  cells 
from  the  KLH-immune  donor  achieved  a  titer  of  circulating 
KLH-specific  human  Ig  that  was  approximately  one-third 
that  observed  with  the  donor.  However,  if  the  mice  received 
a  booster  immunization  3  days  after  the  human  cells  were 
transferred,  the  human  antibody  response  in  the  mice  ex¬ 
ceeded  that  which  existed  in  the  donor.  Mice  that  received 
PBMC  from  a  human  donor  who  lacked  antibody  to  KLH 
failed  to  generate  any  detectable  antibody  response,  even  if 
the  recipient  mice  received  booster  immunizations  in  vivo 
with  KLH.  Mean  levels  of  total  circulating  human  Ig  in 
recipients  of  KLH-immune  and  KLH-nonimmune  PBMC 
were  both  >5  (ig/ml,  indicating  that  both  groups  of  mice 
were  engrafted  with  human  cells. 

Adoptive  transfer  of  human  immune  memory  responses  to 
SCID  mice:  effect  of  donor  and  recipient  immunization.  The 
previous  experiments  indicated  that  donor  immune  status 
was  a  critical  determinant  of  whether  Hu-PBL  SCID  mice 
could  generate  any  specific  human  antibody  response.  We 
next  evaluated  the  influence  of  timing  of  donor  and  recipient 
immunization  on  the  magnitude  and  maintenance  of  immune 
responsiveness  subsequent  to  xenografting  human  PBMC 
into  SCID  mice.  Groups  of  three  6-  to  8-wcek-old  SCID  mice 
were  transplanted  i.p.  with  1.25  x  10’  PBMC  obtained  from 
a  single  human  donor  either  before  or  after  booster  immuni¬ 
zation  of  that  donor  with  TT.  Prior  to  receiving  a  booster 
immunization  for  these  studies,  the  human  donor  had  not 
received  TT  immunization  in  at  least  10  years.  The  recipient 
SCID  mice  were  immunized  3  or  35  days  after  cell  transfer 
with  O.I  ml  of  TT(10  Lf/ml).  The  TT  protocol  was  repeated 
with  cells  obtained  from  the  same  donor  10  days  after  he 
received  a  TT  booster  immunization  (0.5  ml  (10  Lf  ml)). 
Sera,  pooled  by  experimental  group,  were  obtained  from 
recipient  mice  ().  14.  35.  and  45  days  after  cell  transfer  and 
a.ssaycd  by  ELISA  for  human  IgG  to  TT. 
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TABLE  2.  Effect  of  time  after  reconstitution  with  human  celts  of 
booster  immunization  on  the  magnitude  of  human 
antibody  response  observed 


Donor 

boost" 

B<x)ster 
immunization 
}  days  after 
reconstitution 

Booster 
immunization 
days  after 
reconstitution 

Day  tl 

RecipnK'al  titcr^  on: 

Day  U  Day  .^5 

Day  45 

No 

No 

No 

II 

H 

ND 

I) 

No 

Yes 

No 

0 

17.t 

ND 

873 

No 

No 

Yes 

0 

s 

II 

1) 

Yes 

No 

No 

II 

1.691 

.L.i:4 

9.30 

Yes 

Yes 

No 

II 

.tll.ll64 

:4.II79 

22.901 

Yes 

No 

Yes 

II 

1,691 

l.lis 

171 

Prior  lo  booster  immunization,  the  donor  had  a  TT  specihc  leG  iiicr  «>l 
I  2,WK).  Ten  days  after  Nx)ster  immunization,  this  liter  rose  W-lold  io4*^.7(NK 
At  this  time  point,  cells  were  harvested  from  the  dtmor  tor  reconstitution  of 
the  mice. 

Geometric  mean  titer  of  sera  in  three  microvwells.  Serum  samples  from  five 
mice  were  p<X}led.  ND,  not  determined. 


Adoptive  transfer  of  secondary  responses  to  TT  was 
consistently  observed.  The  magnitude  of  this  response  was 
highly  dependent  on  the  immunization  protocol  (Table  2). 
Mice  that  were  reconstituted  with  cells  from  the  donor  prior 
to  booster  immunization  of  the  donor  and  that  received  no 
immunization  had  barely  detectable  specific  human  anti-TT 
responses.  Similarly,  reconstituted  mice  that  were  immu¬ 
nized  3  days  after  engraftment  with  human  cells  had  a 
response  that  was  20-fold  higher  than  that  observed  with 
unimmunized,  reconstituted  mice.  However,  the  specific 
human  antibody  levels  achieved  with  the  mice  were  still 
more  than  I  log  unit  less  than  those  circulating  in  the  human 
donor.  Waiting  until  35  days  after  human  cell  reconstitution 
to  give  the  TT  booster  immunization  to  the  reconstituted 
mice  resulted  in  a  loss  of  effect  of  the  booster  immunization, 
suggesting  a  loss  of  the  memory  B  cells  producing  anti-TT 
antibody. 

Use  of  cells  from  the  same  human  donor  which  were 
obtained  10  days  after  donor  inimunization  resulted  in  a 
marked  enhancement  of  the  specific  antibody  responses  that 
could  be  obtained  with  reconstituted  SCID  mice.  At  the  time 
that  cells  were  obtained  from  the  donor,  the  donor  had  a 
reciprocal  antibody  titer  of  49,000.  By  giving  the  mice 
booster  immunizations  of  TT  3  days  after  cell  transfer  a 
reciprocal  antibody  titer  of  30,064  was  obtained  with  mice,  a 
level  essentially  equivalent  to  that  observed  with  the  human 
donor.  This  level  of  antibody  was  effectively  maintained  for 
45  days,  the  last  time  point  examined.  Again,  waiting  until  35 
days  after  transplantation  of  human  cells  into  the  mice  to 
provide  the  booster  immunization  of  the  mice  resulted  in  a 
significant  reduction  in  the  magnitude  of  the  human  antibody 
response  observed  compared  with  the  response  of  mice 
given  booster  immunizations  3  days  posttransplantation. 

Induction  of  human  IgA  and  IgM  antibodies  by  secondary 
immunization  of  Hu-PBL/SCID  mice  receiving  PBMC  from 
TT-primed  donors.  To  further  characterize  the  secondary 
antibody  response  in  Hu-PBL.SCID  mice,  mice  were  recon¬ 
stituted  with  cells  from  TT-immunc  donors  other  than  those 
described  above,  and  quantitative  levels  of  total  TT-specific 
Ig  and  specific  IgA  and  IgM  antibody  levels  were  deter¬ 
mined.  The  time  of  TT  immunization  of  these  donors  was  not 
known  beyond  the  fact  that  they  were  not  recently  immu¬ 
nized.  and  their  immune  status  was  therefore  reflected  in 
their  preexisting  TT-specific  antibody  levels.  None  of  the 
three  subjects  used  for  these  studies  had  preexisting  anti- 


T.ABLE  3.  .Magnitude  of  specific  total  Ig.  IgM.  and  IgA 
responses  observed  with  Hu-PBL  SCID  mice 
given  biKister  immunizations  of  TT 


Donor 

TT-specilic  antilxHJy  in 
donor  1^1^  ml) 

rT-'*pccilic  anlibtidy  in 
TT-NHisicd"  mice  ii^gmh 

Total  Ig 

leM 

IgA 

Total  ig 

IgM 

lg,\ 

A 

5 

4 

<1 

28 

<1 

<1 
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5 
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<1 

73 

<1 

<1 

A 

5 

4 

<1 

56 

1 

<1 

B 

23 

<1 

<1 

18 

<1 

<1 

C 

11 

<1 

<1 

32 

<1 

<1 

C 

11 

<1 

<1 

6 

<1 

<1 

*'  TT-b«x»sicd  mice,  mice  iiiven  hotisler  immunizations  i>t  FT. 


body  to  KLH.  Mice  reconstituted  with  cells  from  these 
subjects  and  given  booster  immunizations  of  KLH  (three 
mice  with  cells  from  subject  A.  one  mouse  with  cells  from 
subject  B.  and  two  mice  with  cells  from  subject  C)  failed  to 
develop  any  detectable  anti-KLH  antibody.  The  data  in 
Table  3  confirm  that  the  level  of  antibody  generated  by 
giving  the  reconstituted  mice  booster  immunizations  of  TT, 
to  which  the  donors  were  immune,  was  rel.iicd  to  the 
preexisting  antibody  level  of  the  donor.  .Although  some  of 
the  human  cell  donors  possessed  low  levels  ol  rT-specific 
IgA  or  IgM,  only  one  of  the  mice  responded  to  secondary 
immunization  with  either  an  IgA  or  IgM  TT  spLcilie  anti¬ 
body  response,  and  that  IgM  response  w.is  minimal  (1 
pg/ml).  It  thus  appears  that  Hu-PBUSCID  mice  .ire  capable 
of  generating  only  IgG  secondary  responses.  The  data  in  this 
table  also  demonstrate  the  variability  in  the  immune  re- 
sptmscs  observed  with  different  mice  reconstituted  with  cells 
from  the  same  donor.  The  basis  for  this  variation  is  unclear. 

DISCUSSION 

These  studies  were  designed  to  characterize  the  ability  of 
Hu-PBL  SCID  mice  to  generate  human  antibody  responses. 
We  initially  examined  the  response  to  an  antigen  to  which 
most  humans  are  not  immune.  KLH.  SCID  mice  reconsti¬ 
tuted  with  cells  from  nonimmune  individuals  were  un.ible  to 
produce  any  detectable  specific  antibody  re»ponve.  even 
when  recipient  mice  were  given  booster  immumz.itions 
within  3  days  of  cell  transfer.  Mice  reconstituted  with  cells 
from  an  individual  who  had  been  immunized  with  KI.H  18 
months  earlier  attained,  after  in  vivo  booster  immunization 
of  the  mice,  levels  of  circulating  specific  hum.m  Igli  that 
exceeded  those  of  the  donor  of  the  human  cells  i  Table  1). 
However,  mice  that  received  cells  from  a  KLH  nommmune 
donor  failed  to  generate  any  KLH-specific  antibody  upon 
immunization. 

Similarly,  mice  reconstituted  with  PBMC  from  .m  individ¬ 
ual  whose  last  immunization  against  TT  had  occurred  mure 
than  10  years  previously  had  a  minimal  anti-TT  response 
(Table  2).  After  the  donor,  whose  TT  immunization  status 
had  declined  over  10  years,  was  given  a  booster  immuniza¬ 
tion.  mice  reconstituted  with  his  cells  and  immunized  m  vivo 
were  able  to  generate  an  anti-TT  response  that  yielded  levels 
of  circulating  specific  antibody  approaching  those  observed 
with  the  human  donor  (Table  2).  It  thus  appears  ih.it  recon¬ 
stituted  mice  are  unable  to  generate  primary  immune  re- 
spon.ses  to  exogenous  proteins  and  that  the  m.ignitude  ot  the 
secondary  response  observed  with  boosted  mice  can  be 
directly  correlated  with  the  immune  status  of  the  cell  ilonor. 

Furthermore,  the  TT  immunization  studies  i  T.ible  2i  mdi- 
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calc  that  the  timing  i)f  the  b(H)ster  immunization  of  the  mice 
is  critical  to  the  generation  of  an  adoptive  response.  While 
SCID  mouse  recipients  of  immune  cells  generated  a  signifi¬ 
cant  antibody  response  if  given  booster  immunizations  3 
days  after  receipt  of  immune  cells,  similar  mice  given 
booster  immunizations  35  days  after  cell  transfer  failed  to 
demonstrate  any  significant  response. 

At  least  two  possible  explanations  for  the  failure  of 
reconstituted  .SCID  mice  tc’  develop  primary  human  anti¬ 
body  respernses  could  be  proposed,  and  both  are  related  to  a 
deficiency  in' critical  cells  required  for  the  generation  of  an 
antigen-spccilic  response.  It  should  be  emphasized  that  the 
cells  being  placed  in  the  mice  are  derived  from  peripheral 
blood.  Therefore,  the  ability  to  generate  a  specific  response 
is  going  to  depend  on  the  number  of  antigcn-spccihc  circu¬ 
lating  lymphocytes.  This  number  is  likely  to  be  higher  in 
recently  immunized  individuals  than  in  individuals  who  were 
immunized  in  the  past  |2). 

The  ability  of  mice  to  generate  an  antibody  response  might 
also  be  related  to  the  presence  in  the  peripheral  blood  of  a 
number  of  antigen-presenting  cells  sufficient  to  activate  the 
helper  T  cells  involvcnl  in  the  response  to  either  KLH  or  TT, 
both  of  which  arc  T-cclI-dependent  antigens  (3,  7).  The 
available  data  indicate  that  macrophages  survive  less  well  in 
PBMC-reconstituted  SCID  mice  than  do  lymphocytes  (6).  If 
sufficient  antigen-specific  B  cells  were  present  in  the  trans¬ 
planted  cells,  these  cells  might  function  as  antigen-present¬ 
ing  cells,  obviating  the  need  for  macrophages.  Nonimmune 
donors  would  lack  such  a  pool  of  expanded  antigen-specific 
B  cells  and  would  therefore  be  more  dependent  for  the 
activation  of  helper  T  cells  on  the  presence  of  other  antigen- 
presenting  cells.  Thus,  the  generation  by  primary  or  second¬ 
ary  immunization  of  circulating  specific  B  cells  in  the  periph¬ 
eral  blood  of  the  human  cell  donor  might  be  essential  for 
both  generation  of  T-cell  help  and  for  actual  antibody 
production. 

The  requirement  for  in  vivo  boosting  within  a  short  time 
period  after  cell  transfer  suggests  that  the  failure  to  stimulate 
the  specifically  reactive  clones  results  in  the  loss  of  the 
ability  to  generate  secondary  resptmses  as  well.  This  rapid 
disappearance  of  immune  response  capability  is  unlikely  to 
represent  a  general  k)ss  of  human  cells  from  reconstituted 
mice,  as  immunized  mice  continue  to  produce  human  anti¬ 
body  for  a  period  t)f  at  least  several  months  (6  and  unpub¬ 
lished  observations).  However,  this  observation  may  reflect 
preferential  loss  of  memory  cells  in  these  mice.  The  mainte¬ 
nance  of  clones  of  a  given  specificity  appears  to  require 
stimulation  of  that  clone  at  a  time  when  specific  responsive 
cells  are  most  abundant.  This  finding  is  consistent  with  the 
observations  of  others,  indicating  that  the  presence  of  con¬ 
tinuous  antigenic  stimulus  is  required  for  persistence  of 
memory  B  cells  (fi).  although  a  loss  of  specific  helper  T  cells 
in  this  setting  cannot  be  excluded. 

Mazingue  ct  al.  |4)  have  recently  reported  the  obtainment 
of  primary  immune  responses  to  schistosome  antigens  in 
SCID  mice  reconstituted  with  PBMC  from  a  healthy  donor. 
While  this  donor  was  free  of  schistosomiasis,  the  authors 
provided  no  evidence  that  the  healthy  donor  had  no  preex¬ 
isting  immunity  to  the  schistosome  antigens,  which  could 
have  been  elicited  by  exposure  to  a  cross-reacting  antigen. 
Thus,  it  is  unclear  that  the  response  obtained  with  the  mice 
was  truly  primary.  The  investigators  .ilso  employed  com¬ 
plete  Freund's  adjuvant  in  their  immunization  protocol, 
which  might  be  an  alternative  explanation  for  their  ability  to 


elicit  primary  responses.  Since  the  mice  in  the  study  by 
Mazingue  et  al.  were  reconstituted  with  only  5  x  10'’  to  10  x 
10"  human  PBMC,  however,  it  seems  unlikely  that  the 
unprimed  donor  would  contain  enough  circulating  precur¬ 
sors  to  reconstitute  a  detectable  specific  response  in  the 
mice. 

Because  it  is  difficult  to  recover  human  cells  from  recon¬ 
stituted  mice  sufficient  to  perform  in  vitro  assays  of  effector 
T-cell  responses,  we  have  not  evaluated  functions  such  as 
cytotoxic  T-ccll  activity,  mediated  by  CDS”  T  cells,  in 
reconstituted  SCID  mice.  However,  as  indicated,  antibody 
responses  to  the  antigens  being  studied  are  known  to  require 
the  activity  of  CD4*'  helper  T  cells,  and  the  presence  of  such 
responses  is  indicative  of  helper  T-cell  as  well  as  B-cell 
functions. 

These  studies  indicate  that  reconstituted  SCID  mice  could 
prove' to  be  useful  for  the  evaluation  of  candidate  vaccines 
designed  to  elicit  protective  humoral  immune  responses,  but 
only  under  defined  conditions.  The  cells  used  to  reconstitute 
the  mice  must  be  obtained  from  individuals  who  have 
already  been  vaccinated.  In  addition,  optimization  of  the 
human  antibody  response  requires  early  booster  immuniza¬ 
tion  of  the  reconstituted  mice.  The  ability  to  challenge  such 
mice  will  be  particularly  useful  in  evaluating  the  protective 
efficacy  of  vaccines  against  pathogens,  such  as  human  im¬ 
munodeficiency  virus,  which  could  not  be  used  in  human 
clinical  trials. 
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Abstract 

Immunopheno typing  of  different  lymphocyte  populations  was  carried  out  in 
parallel  on  113  consecutively  received  specimens  of  human  peripheral  blood 
using  two  different  data  acquisition  and  analysis  systems  (EPICS  C  and  4Cyte- 
Acmecy'te)  on  the  same  flow  cytometer  (EPICS  C) .  The  phenotypes  analyzed  were 
CD3*,  CD4^,  CD8^,  CD56^CD16*CD3* ,  TCR-yS'^CDS*,  and  TCR-7«^CD8*.  Both  HIV  and 
HIV^  specimens  were  used  for  this  study,  including  some  with  CD4  levels  as  low 
as  2%  of  all  lymphocytes.  Despite  differences  in  gating  procedures  and  shapes 
of  bitmap  (rectilinear  vs.  "amorphous"),  the  two  methods  agreed  to  within  2% 
positive  cells  in  97%  of  the  cases.  Although  some  statistically  significant 
biases  in  the  methods  were  observed,  these  were  small  and  not  biologically 
important.  Ue  conclude  that  both  methods  of  data  acquisition  and  analysis,  as 
employed  by  experienced  operators  on  the  EPICS  C  flow  cytometer,  gave 
essentially  equivalent  results  for  lymphocyte  s\ib 'populations  in  peripheral 
blood  preparations. 

Key  terms:  Immunocy tome try,  data  acquisition,  data  analysis,  flow  cytometry,  T 
cell  subsets,  NK  cells,  yj  T  cells,  HIV 
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Introduction 

I 

Flow  cytometry  has  become  the  accepted  method  for  Immunopheno typing 
clinical  specimens.  The  results  obtained  using  this  technology  depend 
critically  on  both  the  hardware  (e.g.,  laser,  lenses,  photomultiplier  tubes) 
and  software  (e.g.,  for  setting  of  displays,  bitmaps,  and  gates,  and 
tabulating  statistics)  used  for  data  aquisition  and  analysis.  In  theory, 
variations  in  data  could  arise  from  either  of  these  independent  systems. 
However,  the  lack  of  instrument  bias  noted  in  previous  surveys  (3.9)  suggests 
that  differences  in  hardware  are  not  a  major  source  of  variation.  In 
contrast,  differences  in  data  analysis,  particularly  the  selection  of  gated 
populations,  can  be  major  contributors  to  variation  in  results  (4). 

To  evaluate  separately  the  importance  of  the  data  acquisition  and 
analysis  aspects  of  the  flow  cytometer,  it  is  necessary  to  compare  data 
obtained  simultaneously  on  the  same  events  by  two  different  data  acquisition 
and  analysis  systems.  However,  to  our  knowledge  there  are  no  reports  where 
this  has  been  done.  Therefore,  the  present  study  was  undertaken  to  determine 
whether  measurements  of  lymphocyte  phenotypes  obtained  on  two  parallel  systems 
of  acquisition  hardware  and  software  were  equivalent  or  biased.  Specifically, 
phenotypes  of  clinical  or  research  importance  were  examined,  and  coaq>arisons 
were  made  of  both  overall  means  and  the  variability  of  the  measurements 
obtained  with  the  two  parallel  systems. ' 
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Methods 

Sample  preparation.  Heparinized  peripheral  blood  was  obtained  from 
participants  in  the  Baltimore  center  of  the  Multicenter  AIDS  Cohort  Study 
(MACS).  Participants  in  MACS  are  homosexual  or  bisexual  men,  of  whom 
approximately  one-third  have  antibodies  to  HIV-1  as  determined  by  ELISA  with 
confirmatory  Western  blot  (7).  Specimens  were  prepared  according  to  MACS 
protocols  (1),  based  on  an  ammonium  chloride -based  whole  blood- lyse  method 
described  previously  (2).  Monoclonal  antibodies  (see  below)  were  added  to  100 
fil  of  whole  blood  for  30  min.  The  blood  was  lysed  for  10  min  (2x5  min)  and 
washed,  and  the  cells  were  resuspended  in  1%  formaldehyde  (Ultrapure  EM  grade, 
Polysciences,  Warrington,  PA)  for  at  least  10  min  at  4*C  before  2-color  flow 
cytometric  analysis. 

The  monoclonal  antibodies  used  (obtained  from  Becton-Dickinson, 
Sunnyvale,  CA,  except  as  noted)  were  CD3-FITC  and  CD8-FITC/CD4-PE  (NIH  Natural 
History  of  AIDS  Kit),  CD3-FITC/CD56-PE/CD16-PE  (Natural  Killer  Cell  Kit),  and 
TCRj-1  (anti  j-chain  of  T  cell  receptor;  T  cell  Sciences,  Candiridge,  MA)/CD8- 
PE.  The  phenotypes  measured  were  CD3'*',  CDA*,  CD8'*’,  CD3*CD56'*’CD16'*' ,  TCRfi  -  l'*^CD8' , 
and  TCR j  -  l'^CD8'^ .  The  CD45-FITC/CD14-PE  reagent  (Leucogate)  was  also  included 
to  assess  the  proportions  of  monocytes  and  unstained  debris  within  the 
lymphocyte  bitmap. 

Acquisition  of  flow  cytometric  data.  All  studies  were  performed  on  an 
EPICS  C  Flow  Cytometer  (Coulter  Electronics,  Hialeah,  FL  33015)  equipped  with 
the  biohazard  closed  flow  tip  (250  pm  orifice).  The  argon  laser  adjusted  for 
488  nu  emission  was  used  at  700-900  mW  power.  Four  signals  (FS,  SS,  FLl  - 
FITC,  FL2  «  PE)  were  collected.  The  FITC  fluorescence  signals  came  through  a 
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488  niB  long  pass  dlchrolc  filter,  a  488  nm  long  pass  blocking  filter,  a  550  na 


short  pass  dlchrolc  filter,  and  a  525  nm  bandpass  filter.  PE  fluorescence 
signals  came  from  the  second  dlchrolc  filter  through  a  575  nm  bandpass  filter. 
PUT  voltages  were  230-260  for  side  scatter,  1250-1275  for  FITC  fluorescence, 
and  1170-1200  for  PE  fluorescence.  Forward  and  side  scatter  signals  were 
directed  through  linear  amplifiers,  and  fluorescence  signals  through  3-decade 
logarithmic  amplifiers. 

The  first  software  system  for  data  acquisition  and  analysis  was  the 
EPICS  C  software.  Data  acquired  by  this  system  went  through  256-channel 
analog-to-dlgltal  converters  (ADCs)  and  were  displayed,  saved,  and  analyzed  as 
histograms  (see  below).  The  second  software  system  was  the  4Cyte-Acmecyte 
system,  composed  of  4Cyte  hardware  (6)  and  Acmecyte  data  acquisition  and 
analysis  software  we  have  recently  developed  for  pooling  calibrated  data  from 
Interlaboratory  collaborative  studies  (8) .  Data  acquired  by  this  system  were 
taken  simultaneously  from  test  points  on  the  EPICS  C  amplifier  circuit  boards 
for  the  four  parameters.  The  signals  were  sent  through  a  front  end  signal 
processor  (4Cyte  FE,  HN  Shapiro,  M.D.,  F.C.,  Vest  Newton,  MA) .  Signals  were 
then  sent  to  the  256 -channel  ADCs  mounted  on  a  data  acquisition  board  (4CyteI, 
H.M.  Shapiro,  MD. ,  P.C.)  In  a  486/25  IBH-compatlble  personal  computer.  Buffer 
memory  on  the  acquisition  board  temporarily  accumulated  up  to  2048  events  of 
digitized  data,  which  were  then  written  to  list  mode  files  on  a  hard  disk. 

Display  and  Analysis  of  acquired  data.  Data  acquired  on  the  EPICS  C 
were  displayed  on  a  monochrome  monitor  as  2-dlmenslonal  (2-0)  histograms 
showing  64x64  channels  (4-channel  resolution  of  the  original  256-channel 
data).  One  of  the  2-D  histograms  showed  FS  by  SS  at  three  different 
Intensities  that  dlscrlmated  histogram  coordinates  containing  1  event,  2-6 
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events,  and  12  or  more  events  (Fig.  la).  The  lymphocyte  cluster  was  selected 
by  visual  inspection  by  one  of  the  authors  (KC  or  ES)  and  surrounded  by  an 
"amorphous”  bitmap,  i.e.,  a  bitmap  formed  by  an  n-slded  polygon  with  n  ranging 
from  8  to  15  in  most  cases.  5000  events  within  the  FS-SS  bitmap  were  acquired 
and  displayed  in  the  FLl-FITC  and  FL2-FE  2-D  histogram,  and  "quadstat"  cursors 
were  set  by  visual  inspection  to  select  the  negative,  single  positive  and 
double  positive  populations.  For  most  markers,  results  to  the  nearest  1%  were 
transcribed  manually  from  the  screen  display  and  typed  into  a  computer 
spreadsheet  program.  For  the  TCR-yj  phenotypes,  the  total  event  counts  in 
each  quadstat  region  were  transcribed,  and  results  to  the  nearest  0.1%  were 
computed  from  the  total  lymphocyte  event  count.  All  manually  transcribed 
results  were  cross-checked  for  accuracy. 

Data  acquired  on  the  4Cyte-Acmecyte  system  were  displayed  on  a  VGA  color 
graphics  screen  as  2-D  histograms  at  full  resolution  (256x256  channels  at  one 
pixel  per  channel),  using  the  Acmecyte  software  program  (Fabscal  Systems, 
Atlanta,  GA) .  The  number  of  events  per  histogram  coordinate  (pixel)  was 
depicted  by  three  different  colors:  one  event  was  displayed  as  gray,  3  or  5 
events  as  magenta,  and  more  than  6  events  as  yellow  (Fig.  lb).  Coordinates 
with  event  counts  of  2,  4,  or  6  were  not  shown  (i.e.,  displayed  as  black)  in 
order  to  sharpen  the  perceived  boundaries  of  the  clusters  so  that  they 
appeared  as  similar  as  possible  to  clusters  on  the  EPICS  C.  The  lymphocyte 
cluster  was  selected  on  the  FS-SS  histogram  by  visual  Inspection  and 
surrounded  by  a  rectangular  gate  with  the  sides  paralle.  to  the  horizontal  and 
vertical  axes  (referred  to  as  a  "rectilinear”  gate).  Boundary  selection  for 
the  gate  using  the  4Cyte -Acmecyte  system  was  performed  by  the  same  operator  as 
for  the  EPICS  C,  and  was  aided  by  1-dimensional  histogram  displays 
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superimposing  FS  or  SS  histograms  fromi  gated  and  ungated  events  (Fig.  lb). 
Events  within  the  FS-SS  gate  were  acquired  and  displayed  in  the  FLl-FITC  and 
FL2-PE  2-D  histogram  and  "quadstat"  cursors  were  set  as  above.  Resulting 
statistics  were  automatically  accumulated  in  a  delimited  ASCII  file,  then 
Imported  directly  into  the  spreadsheet  program.  Percent  positive  results  for 
all  phenotypes  were  rounded  to  the  nearest  0.1%. 

Statistical  analysis.  The  Epics  C  result  was  designated  as  the 
reference  result,  and  the  Acmecyte  result  as  the  test  result.  The  bias  for 
each  pair  of  results  was  calculated  as  the  arithmetic  difference  (Acmecyte  • 
Epics  C) ;  thus,  a  lower  Acmecyte  result  was  defined  as  a  negative  bias.  The 
discrepancy  for  each  pair  of  results  was  calculated  as  the  absolute  value  of 
the  bias,  reflecting  the  difference  between  results  in  either  direction.  The 
percent  bias  and  percent  discrepancy  were  calculated  from  the  ratio  of  the 
bias  or  discrepancy  to  the  reference  (Epics  C)  result.  Mean  values  for  bias, 
percent  bias,  discrepancy,  and  percent  discrepancy  were  calculated  for  each 
phenotype  from  all  pairs  of  results. 

The  data  were  analyzed  and  plotted  with  the  SAS  System  (5).  The 
univariate  procedure  with  a  two-tailed  t-test  was  used  to  determine  whether 
Che  mean  bias  for  each  phenotype  was  significantly  different  from  zero.  To 
determine  if  bias  varied  with  respect  to  the  reference  result,  a  distribution 
plot  of  all  individual  biases  versus  their  respective  reference  results  was 
constructed  for  each  phenotype.  This  plot  was  fitted  with  a  spline  curve  to 
inspect  the  results  for  any  biases  localized  to  particular  ranges  of  data.  To 
test  formally  for  overall  biases,  t-tests  were  used  to  determine  if  slopes  and 
intercepts  for  the  regression  of  results  against  biases  were  significantly 


different  from  0. 
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Results 

The  percentages  of  cells  expressing  the  5  phenotypes  measured  were 
obtained  simultaneously  on  the  EPICS  C  and  the  4Cy te - Acmecy te  systems  on  113 
specimens  received  consecutively  in  the  laboratory.  Samples  included  in  the 
study  met  the  following  criteria  on  both  data  analysis  systems:  (1)  at  least 
90%  of  the  cells  in  the  selected  lymphocyte  population  were  stained  brightly 
with  CD45,  and  (2)  the  light  scatter  histograms  showed  adequate  separation 
between  the  major  leukocyte  populations  and  debris. 

Results  are  shown  in  Figure  2  and  summarized  in  Table  1,  Table  2,  and 
Figure  3.  It  should  be  noted  from  Fig.  2  that  many  of  the  specimens  analyzed 
had  markedly  depressed  levels  of  CD4'''  lymphocytes,  and  thus  a  significant 
proportion  of  abnormal  specimens  was  included  in  this  study.  Nevertheless,  as 
shown  in  Table  1,  mean  biases  for  CD3,  CD4,  and  CDS  were  less  than  0.5%  in 
magnitude,  and  mean  discrepancies  were  less  than  1%.  Of  the  678  paired 
results  for  percent  positive  cells,  92%  differed  by  no  more  than  1%  positive, 
and  97%  by  no  more  than  2%  positive  (Figure  3) .  Three  results  differed  by 
more  than  3%  positive,  and  the  largest  discrepancy  observed  was  3.7%  positive 
on  a  CD3  phenotype. 

■  Depending  on  phenotype,  the  mean  biases  ranged  from  -0.39%  to  -<^.27%.  For 
five  phenotypes,  these  small  biases  were  consistent  enougji  to  show  statistical 
significance  (Fig.  1).  No  definite  trends  in  bias  as  a  function  of  the 
magnitude  of  Epics  C  result  were  apparent.  When  analyzed  by  linear 
regression,  both  the  slopes  and  intercepts  of  the  plot  of  bias  against  EPICS  C 
result  were  very  close  to  0  for  all  phenotypes  (Table  2).  However,  again 
three  of  the  phenotypes  had  either  a  slope  or  an  intercept  that  was 
statistically  different  from  0  at  p  <  0.05,  although  the  95%  confidence 
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intervals  for  these  values  were  still  quite  close  to  0. 
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Discussion 

This  study  provided  a  rigorous  test  for  the  equivalence  of  results 
obtained  when  identical  events  were  acquired  and  analyzed  by  two  different 
hardware  and  software  systems.  The  panel  of  phenotypes  measured  ranged  from 
the  frequent  (e.g.,  CD3)  to  the  very  infrequent  (TCR-74'*’) ,  and  from  the  bright 
(CDS)  to  the  dim  (CD56'*'CD16''') .  It  also  encompassed  comparisons  of  T  cells  and 
NK  cells,  which  have  differing  light  scatter  distributions.  Moreover,  many  of 
these  samples  were  from  HIV- infected  donors,  whose  blood  sometimes  yielded 
less  separation  between  cell  clusters  and  more  debris  than  did  normal  blood. 
Nonetheless,  despite  the  inclusion  in  this  study  of  many  HIV^  specimens  with 
greatly  decreased  proportions  of  CD4'*'  lymphocytes  (as  low  as  2%) ,  comparison 
of  the  results  showed  only  small  differences  which  had  no  biological 
Importance.  However,  it  would  be  premature  to  generalize  these  results  to 
other  types  of  abnormal  specimens,  such  as  those  from  leiikemlc  or  severely 
leukopenic  patients. 

Some  methodological  implications  of  the  observed  differences  may  be 
drawn.  First,  the  magnitude  of  the  biases  and  discrepancies  was  relatively 
consistent  across  the  different  phenotypes,  despite  the  large  differences  in 
percent  positive  results  between  phenotypes.  Thus,  the  influence  of  the 
difference  between  methods  was  negligible  on  all  of  the  CD3,  CD4  and  CDS 
results,  greater  on  some  of  the  CD56/CD16  results,  and  notable  on  many  of  the 
TCR-74  results.  Similar  results  are  seen  in  inter -laboratory  comparison 
studies,  where  CVs  for  low-proportion  phenotypes  are  considerably  hi^er  than 
those  for  phenotypes  with  higher  proportions.  Much  of  this  increased  variance 
is  due  to  an  enlargement  in  the  stochastic  counting  error,  which  contributes 
14%  to  the  coefficient  of  variation  (CV)  when  1%  positive  cells  are  counted  in 
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a  total  of  5000  events,  but  only  1.4%  to  the  CV  when  50%  positive  cells  are 
counted  in  5000  events. 

A  second  methodologic  point  concerns  the  small  but  statistically 
significant  biases  for  five  of  the  six  phenotypes.  These  differences  are 
probably  related  to  the  varying  pattern  of  phenotype  distributions  within  the 
lymphocyte  light  scatter  cluster.  Variance  in  these  patterns  represents 
information  which  has  not  been  yet  been  systematically  addressed  in  searching 
for  indicators  of  pathology  or  therapeutic  responses. 

Finally,  the  similarity  of  the  results  from  the  two  systems  bears 
particular  relevance  to  the  issue  of  gating  on  light  scatter  clusters  to 
select  the  population  of  cells  from  which  the  "percent  positive"  will  be 
determined.  The  use  of  "amorphous"  bitmaps  to  select  gated  populations  has 
become  popular  and  is  often  considered  superior  to  rectilinear  gates  because 
the  contours  of  the  cluster  can  be  followed  more  closely.  However,  amorphous 
bitmaps  may  be  drawn  too  tightly  around  the  cluster  for  proper  measurement  of 
all  lymphocyte  subsets  (4) .  In  addition,  their  selection  may  be  quite 
arbitrary  and  variable,  while  rectilinear  gates  can  be  selected  and  reproduced 
in  a  more  consistent  fashion.  In  this  study,  when  samples  were  well  prepared 
and  boundaries  for  both  methods  were  determined  by  the  same  experienced 
operator  for  any  given  specimen,  either  method  gave  essentially  equivalent 
results  for  lymphocyte  sub -populations  in  peripheral  blood  preparations.  This 
close  agreement  provides  very  strong  support  to  the  validity  of  each  of  the 
two  systems  used.  Moreover,  the  results  demonstrate  the  feasibility  of 
augmenting  a  commercial  flow  cytometer  with  third-party  hardware  and  software 
without  loss  of  reliability  or  accuracy. 
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Figure  Legends 

Figure  1.  Histograms  showing  data  displays  of  a)  EPICS  C  and  b)  4Cyte- 
Acmecyte.  In  a)  two  separately  displayed  histograms  are  needed  to  view  light 
scatter  (x-SS,  y-FLS)  and  fluorescence  (x-FITC,  y-PE)  histograms.  In  b)  both 
histograms  are  displayed  simultaneous  alung  with  super imposition  of  FS  of 
gated  and  ungated  events  (shown  in  upper  ri^t).  A  similar  display  for  SS  can 
be  displayed  by  toggling  a  switch.  These  superimposed  displays  are  useful  in 
setting  gates . 

Figure  2.  Distributions  of  the  differences  between  Acmecyte  and  EPICS  C 
results  as  a  function  of  the  EPICS  C  result.  Each  graph  shows  the  percent 
positive  result  for  a  particular  phenotype  from  the  EPICS  C  on  the  X>axis, 
which  has  a  varying  scale  for  each  phenotype.  The  arithmetic  difference 
between  results  (Acmecyte  result  •  EPICS  C  result)  is  shown  on  the  Y-axis, 
which  has  a  constant  scale  for  all  phenotypes.  The  "mean  bias”  for  each 
marker  is  the  average  of  all  differences  (positive  and  negative) ,  and  the  p 
value  indicates  the  probability  that  the  mean  bias  is  zero.  The  best- fit 
spline  curve,  shown  in  thick  grey,  represents  the  relation  between  bias  and 
EPICS  C  result. 

Figure  3.  Cumulative  probability  distributions  by  phenotype  for  the  absolute 
difference  between  Acmecyte  and  EPICS  C  results.  The  absolute  difference 
(absolute  value  of  Acmecyte  result  -  EPICS  C  result)  represents  the 
discrepancy  (i.e.,  magnitude  of  the  difference)  between  the  two  results.  The 
cumulative  probability  is  expressed  as  the  percentage  of  results  that  are 
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equal  to  or  less  Chan  a  given  absolute  difference.  The  thick  grey  line  shows 
Che  distribution  for  all  results. 
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TABLE  1  Summaiy  of  results  of  comparison  study 


Phenotype 

CD4 

CDS 

CD3 

CD56/CD16 
CD3  neg 

TCR-y6 
CDS  pos 

TCR-y6 
CDS  neg 

Mean  Epics  C 
Result* 

40.13 

30.42 

74.10 

7.47 

2.44 

1.71 

Mean  Bias" 

-0.39 

0.27 

-0.23 

-0.17 

-0.03 

0.23 

Mean  %  Bias' 

-0.90 

0.84 

-0.29 

-2.18 

-2.22 

8.66 

Mean  Discrepancy'* 

0.83 

0.79 

0.89 

0.47 

0.32 

0.49 

Mean  % 
Discrepancy* 

2.73 

3.26 

1.24 

8.07 

21.98 

41.41 

‘Result  for  percent  cells  positive  for  each  phenotype  as  analyzed  on  the  Epics  C 
"Mean  bias  is  the  average  of  all  differences  (Acme^te-Epics  C)  for  each  phenotype. 

‘Mean  %  bias  is  the  average  of  all  differences  expressed  as  a  percentage  of  their  respeaive  Epics  C  results. 
'’Mean  discrepancy  is  the  average  of  all  absolute  values  for  the  difference  (Acmecyte-Epics  C). 

‘Mean  %  discrepancty  is  the  average  of  all  absolute  value  differences  e]q)ressed  as  a  percentage  of  their 
respective  Epics  C  results. 
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Table  2.  Linear  regression  analysis  of  EPICS-C  results  (x)  and  bias  (y) . 


Intercept 

P  value 

Marker 

Slope 

R- square 

Slope 

Intercept 

CD3 

-0.03* 

2.27“ 

.046 

.0219 

0.037 

CD4 

0.00 

-0.39 

.000 

.9963 

0.168 

CDS 

0.00 

0.39 

.003 

.  5400 

0.074 

TCR-7« 

CDS  neg 

-0.02 

0.28*= 

.009 

.3250 

<0.001 

TCR-7« 

CDS  pos 

-0.09 

0.12 

031 

.0639 

0.250 

NK 

(CD56/16  pos) 

-0.03'* 

0.03 

.042 

.0285 

0.760 

•95%  Confidence  Interval  (Cl)  -  (0.006,  0.062) 
*»95%  Cl  -  (0.1,  4.5) 

•95%  Cl  -  (0.14,  0.42) 

‘>95%  Cl  -  (0.002,  0.052 
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ABSTRACT 

Ve  investigated  changes  in  lymphocyte  sxibsets  (total,  CD4,  and  CDS  T 
cells,  as  well  as  non-T  cells)  associated  with  HIV-1  seroconversion  in  321 
homosexual  or  bisexual  men  in  the  Multicenter  AIDS  Cohort  Study  (MACS) .  These 
subjects  had  serial  lymphocyte  characterizations  for  up  to  4  years  before  and  5 
years  after  seroconversion.  CD4  lymphocytes  declined  rapidly  in  the  first  18 
months  following  seroconversion,  and  less  rapidly  thereafter,  while  CDS 
lymphocytes  increased  with  similar  kinetics.  In  contrast,  total  T  (CD3) 
lymphocytes  declined  only  slightly  in  the  first  18  months  following 
seroconversion,  and  then  remained  stable.  These  results  stipport  the  hypothesis 
of  physiologic  regulation  of  total  number  of  circulating  T  cells,  such  that 
lost  CD4  l3niiphocytes  are  replaced  by  newly  generated  CD4  and  CDS  lymphocytes; 
over  time,  continued  loss  of  CD4  lymphocytes  due  to  HIV-1  infection  would 
result  in  net  replacement  of  lost  CD4  lymphocytes  with  CDS  lymphocytes.  Non-T 
(CD3')  lymphocytes  also  declined  after  seroconversion,  and  this  decline 
paralleled  that  of  CD4  lymphocytes .  Thus ,  changes  in  both  T-  and  non-T 
lymphocytes  after  HIV-1  seroconversion  may  reflect  the  operation  of  homeostatic 
or  regulatory  mechanisms.  Whether  these  mechanisms  contribute  to  the 
development  of  immune  deficiency  requires  further  study. 

Key  words:  Lymphocyte  subsets,  lymphocyte  regulation,  CD4  lymphocytes,  non-T 
lymphocytes,  HIV-1  seroconversion 
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INTRODUCTION 

Infection  with  human  Immunodeficiency  virus ,  type  1  (HIV-1),  the 
etlologlc  agent  of  AIDS,  leads  to  profound  changes  In  numbers  of  circulating  T 
lymphocytes .  Most  notable  are  a  large  absolute  decrease  In  circulating  CD4'''  T 
cells,  which  Is  believed  to  be  one  of  the  key  processes  In  the  development  of 
AIDS,  and  a  large  absolute  Increase  In  circulating  CDS'*'  T  cells.  The  decrease 
In  CD4  lymphocytes  Is  attributed  to  the  troplsm  of  HIV-1  for  these  cells, 
although  the  specific  mechanism  for  the  depletion  remains  unknown. 

Comparatively  little  attention  has  been  paid  to  the  Increase  In  CDS  lymphocytes 
after  HIV-1  seroconversion.  This  has  generally  been  asstimed  to  represent  an 
adaptive  antiviral  host  response  to  HIV-1,  because  these  cells  can  kill  HIV-1 
Infected  target  cells  (1-4)  and  suppress  HIV-1  replication  In  vitro  (5).  Under 
this  Interpretation,  the  chronlclty  of  the  Increase  in  CDS  T  cells  is  due  to  the 
persistence  of  HIV-1  In  the  host. 

However,  an  alternative  hypothesis  Is  that  the  Increase  In  CDS 
lymphocytes  represents  a  compensatory  response  to  the  loss  of  CD4  lymphocytes 
which  effectively  maintains  a  constant  nuid>er  of  circulating  CD3  lymphocytes. 
This  hypothesis  predicts  that  the  absolute  nximber  of  CD3  l}rmphocytes  should 
remain  constant  over  time  Irrespective  of  changes  in  CD4  and  CDS  T  cell  subsets 
In  Individuals  Infected  with  HIV-1.  Seroconverters  In  the  Hultlcenter  AIDS 
Cohort  Study  (MACS)  have  had  serial  T  cell  subset  measiirements  for  up  to  6 
years,  Including  both  pre-and  post-seroconversion  measurements,  and  thus  afford 
a  unique  opportunity  to  determine  the  short-  and  long-term  effects  of  HIV-1 
Infection  on  these  lymphocytn  p  opulations.  Therefore,  we  have  used  the  MACS 
seroconverters  to  test  the  nypocbcsls  by  analyzing  In  detail  their  longitudinal 
data  on  CD3,  CD4,  and  CDS  lymphocytes.  To  obtain  a  more  complete  picture  of  the 
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effect  of  seroconversion  on  lymphocyte  populations,  we  also  analyzed  changes  in 
numbers  of  non*T  lymphocytes,  i.e.,  lymphocytes  not  expressing  the  CD3  cell 
surface  marker. 

HATERIALS  AND  METHODS 

Study  population  and  definition  of  seroconverters .  The  study  population 
consisted  of  homosexual/bisexual  men  in  the  MACS  who  have  developed  antibodies 
to  HIV-1  (seroconverted)  since  the  initiation  of  the  study  in  1984.  MACS 
participants  have  visited  an  outpatient  clinic  twice  yearly  (four  times  yearly 
for  some  seroconverters)  and  at  each  clinic  visit  have  undergone  a  physical 
examination  and  laboratory  testing,  including  determination  of  T  cell  subsets 
(see  below)  and  testing  for  antibodies  to  HIV-1.  The  study  design  and 
procedures  for  MACS  have  been  described  in  detail  (6).  Antibodies  to  HIV-1  were 
measured  using  a  commercially  available  ELISA  kit  (Genetic  Systems,  Seattle, 

WA) ,  and  positive  specimens  were  confirmed  by  repeat  ELISA  and  Western  Blot 
(Dupont,  Wilmington,  DE)  (7).  Criteria  for  seropositivity  were  a  positive 
ELISA  along  with  a  Western  blot  with  bands  corresponding  to  two  of  the  following 
three  gene  products  of  HIV- 1:  gag,  pol,  and  env.  Of  the  4954  men  enrolled,  3145 
were  seronegative  at  baseline  and  321  of  these  were  observed  to  seroconvert 
during  the  first  5  years  of  the  study.  The  tism  of  seroconversion  was  taken  as 
the  date  halfway  between  the  last  seronegative  and  the  first  seropositive 
visit. 

Immunofluorescence  analysis .  Similar  procedures  were  used  at  the  four 
MACS  laboratories,  as  described  (8).  Briefly,  specimens  of  heparinized  whole 
blood  were  stained  with  monoclonal  antibodies  using  the  method  of  Hoffman  et  al 
(9)  as  modified  (8).  Antibodies  conjugated  to  either  fluorescein 
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Isothiocyanace  (FITC)  or  phycoarythrln  (PE)  were  added  to  whole  blood  at 
appropriate  concentrations,  and  the  erythrocytes  were  lysed  tislng  an  ammonium- 
chloride  based  lysing  solution.  Proportions  of  lymphocytes  that  were  stained 
were  qxiantlfled  using  EPICS  C  flow  cytometers  (Coulter  Electronics,  Hialeah, 

FL)  with  software  (Quadstat)  for  two-color  analyses,  gated  on  lymphocytes  by 
light  scatter  characteristics.  The  antibody  combinations  used  were  as  follows: 
antl-Leu  4-FITC  (CD3;  total  T  cells)  and  control  IgCj^-PE  In  one  tube,  and  antl- 
Leu  2a-FITC  (CDS;  suppressor-cytotoxic  T  cells)  and  antl-Leu  3a-PE  (CD4; 
helper- Inducer  T  cells)  In  another  tube.  For  each  antibody  combination,  5000 
cells  were  counted;  all  antibodies  were  obtained  from  Becton-Dlcklnson 
Immunocy  tome  try,  Inc.  (San  Jose,  CA) .  Absolute  numbers  (cells/imi’)  of 
lymphocyte  subsets  were  calculated  by  multiplying  the  percent  positive  cells 
for  a  given  subset  by  the  number  of  lymphocytes/mm^  In  the  peripheral  blood,  as 
determined  from  a  complete  blood  count  with  automated  10,000  cell  differential. 
Non-T  lymphocytes  were  quantified  as  the  difference  between  the  total 
lymphocyte  and  CDl*^  cell  counts. 

Statistical  Methods.  Scatterplots  of  immunologic  markers  by  time  from 
seroconversion  were  smoothed  by  robust  locally  weighted  regression  (also  known 
as  lowess)  (10).  To  investigate  the  relationship  between  the  non-T-l3nBphocyte 
and  CD4  lymphocyte  counts  at  different  times  from  seroconversion,  we  grouped 
the  data  into  6  time  periods  (more  than  12  mos.  before  seroconversion,  0-12  mos. 
before  seroconversion,  0-12  mos.  after  seroconversion,  etc.)  and  produced 
scatterplots  corresponding  to  each  time  period.  These  scatterplots  were  then 
summarized  by  plotting  the  convex  hulls  (11)  which  enclosed  80%,  67%  and  5%  of 
the  data  points.  Convex  hulls  provide  a  simple,  non-parametrlc  means  to 
summarize  the  location  and  density  of  distributions. 
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To  formally  test  whether  relationships  between  non-T  and  CD4  lymphocyte 
counts  were  different  at  various  times  from  seroconversion,  we  modelled  NT^j 
(the  non-T  cell  measurements  of  the  ith  individual  at  the  Jth  category  of  time 
from  seroconversion) as  follows: 

NTij  -  o  +  £j  +  (7  +  ij)  CD4ij  +  e^j 

where  CDA^j  are  the  CD4  cell  measurements  of  the  ith  individual  at  the  Jth 
category  of  time.  For  simplicity,  the  categories  of  time  (in  months)  relative 
to  seroconversion  were  defined  as:  <0,  [0,12),  [12,24),  [24,36)  and  >36.  The 
residuals  e^j  are  assumed  to  be  normally  distributed  with  unknown  variance 
and  correlation  p  between  e^j  and  e^j'  for  all  j  and  J'  .  Under  this  structure, 
correlations  of  repeated  measurements  within  and  between  categories  of  time  are 
handled  in  a  unified  fashion.  This  corresponds  to  the  simplest  case  of 
regression  with  intraclass  correlation  (12)  or  the  two-way  ANOVA  (13).  The 
parameters  of  interest  are  the  &j's  and  6j's.  Values  of  different  from  zero 
were  indicative  of  different  intercepts  for  different  times  from 
seroconversion,  and  values  of  different  from  zero  correspond  to  different 
slopes.  If  all  the  ^j's  and  6j's  are  zero,  the  model  reduces  to  a  simple 
regression  with  Intercept  a  and  slope  7.  The  intraclass  correlation  p  measures 
the  within- individual  correlation  of  the  measurement.  The  regression  methods 
incorporate  the  repeated  measurements  on  a  given  individual  and  provide  a 
unified  approach  for  the  testing  of  hypotheses  of  interest.  In  particular,  the 
statistical  methods  used  provide  valid  estimates  in  the  presence  of  differences 
in  the  number  and  timing  of  observations  for  different  individuals. 


RESULTS 

This  study  is  based  on  analysis  of  3354  observations  provided  by  321 
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seroconverters .  The  time  of  seroconversion  was  known  to  within  ±  4  months  for 
272  (85%)  of  the  seroconverters.  Of  the  study  participants,  46  (14.3%)  had 
taken  AZT  at  some  time  during  the  period  of  study. 

Effect  of  seroconversion  and  continued  HIV-1  infection  on  total 
lymphocytes.  T  lymphocytes  and  T  lymphocyte  subsets.  Fig.  1  shows  the  raw  data 
and  locally  smoothed  regression  line  for  numbers  of  CD3'^  lymphocytes  (total  T 
lymphocytes)  in  MACS  participants  as  a  fimction  of  time  relative  to 
seroconversion.  It  can  be  seen  that  in  the  first  1-2  years  following 
seroconversion  there  was  a  slight  fall  in  T  cells  around  the  time  of 
seroconversion.  For  comparison,  geometric  means  of  cell  numbers  for  total 
lymphocytes  (LYMPH)  as  well  as  CD3.  CD4  and  CD8  T  cells  are  shown  in  Fig.  2.  It 
can  be  seen  that  the  change  in  total  T  cells  was  small  in  comparison  with  the 
reciprocal  changes  that  occurred  over  the  same  time  period  in  the  CD4'*'  and  CD8'*' 
subsets,  or  the  somewhat  less  dramatic  decline  observed  in  total  lymphocytes. 

These  changes  in  lymphocyte  populations  were  analyzed  in  more  detail 
using  regression  methods,  and  the  results  are  shown  in  Table  1.  The  models  in 
Table  1  correspond  to  the  model  indicated  in  the  Methods  section,  except  that 
CD4  was  not  included  as  an  independent  variable.  The  intercepts  in  the  table 
correspond  to  the  as  of  the  respective  regressions,  and  the  other  entries 

to  the  0s.  The  decrease  in  CD3  lymphocyte  number  in  the  first  18 
months  after  seroconversion  (i.e.,  the  midpoint  of  the  12-24  mo  interval)  was 
statistically  significant.  After  the  level  achieved  by  18  months  after 
seroconversion,  the  CD3  count  remained  stable  at  approximately  1500  cells/mm’ 


correspond 


(i.e.,  approximately  160  cells  below  the  level  before  seroconversion).  This 
contrasted  with  the  continuing  fall  in  CD4  lymphocytes  (268  cells  in  the  first 
year,  followed  by  106  (i.e.  ,  374-268),  49,  and  100  cells  per  year  in  the  next  3 
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years)  and  the  continuing  rise  In  CDS  lynphocytes .  The  continued  changes  in  CD4 
and  CDS  lymphocytes  were  both  highly  significant.  Essentially  identical 
results  were  obtained  when  the  analysis  was  repeated  using  the  interval  changes 
in  T  cell  subset  measurements  for  an  individual  subject  as  the  dependent 
variable.  In  addition,  and  as  depicted  in  Fig.  2,  the  total  number  of 
circulating  lymphocytes,  like  the  number  of  CD4  lymphocytes,  fell  significantly 
both  in  the  first  year  after  seroconversion  and  in  later  years. 

The  finding  of  a  fall  in  total  lymphocytes  which  exceeded  that  in  T 
lymphocytes  in  magnitude  and  duration  suggested  a  fall  in  non*T  cells.  This  was 
verified  by  direct  analysis  of  changes  in  the  difference  [total  lymphocytes  -  T 
cells],  as  shown  in  Fig.  3.  From  Table  1,  non-T  cells  had  a  significant 
decrease  of  122  cells/mm^  within  the  first  year  after  seroconversion,  and  this 
continued  at  a  rate  of  approxiiaately  30  cells/mm^/year  (Table  1) .  Because  the 
fall  in  total  lymphocytes  exceeded  that  in  T  cells  both  around  the  time  of 
seroconversion  and  thereafter,  the  percentage  of  T  cells  (CD3''')  among 
lymphocytes  actually  rose  slig^htly  (3-5%;  p  <  0.001)  with  seroconversion  and 
remained  elevated,  reflecting  the  fact  that  total  lymphocytes  are  generally 
taken  as  the  denominator  for  the  flow  cytometric  measurements  of  percentages  of 
ly^hocyte  subsets. 


The  finding  that  non-T  lymphocytes,  like  CD4  lymphocytes,  declined 
significantly  within  the  first  year  after  seroconversion  as  well  as  during 
later  intervals  suggested  that  changes  in  these  two  populations  might  be 
correlated.  Therefore,  these  two  populations  were  analyzed  further.  Fig.  4 
shows  their  relationship  as  a  function  of  time  before  or  after  seroconversion. 
At  all  time  intervals,  both  before  (Fig.  4,  a-b)  and  after  seroconversion  (Fig. 
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4,  c-f),  numbers  of  non-T  and  CD4  lymphocytes  were  strongly  correlated  (r- 
0.38,  0.42,  0.41,  0.36,  0.43,  0.43,  respectively,  all  p  <  0.001).  The  effect  of 
time  from  seroconversion  on  the  relationship  between  numbers  of  non-T  cells  and 
nvuabers  of  CD4  cells  is  shown  in  Fig.  4  by  the  movement  of  the  centers  of  the 
distributions  (i.e. ,  the  means  of  the  data  contained  within  the  5%  convex 
hulls),  which  are  summarized  in  Fig.  SA.  It  can  be  seen  that  in  the  first  year 
after  seroconversion  (i.e. ,  from  a  and  b  to  c) ,  both  CD4  and  non-T  numbers 
showed  a  large  decline;  after  the  first  year,  these  declines  (from  c  to  d,  d  to 
e,  and  e  to  f)  continued,  though  at  slower  annual  rates,  in  essentially  the  same 
relationship,  in  which  approximately  3  non-T  cells  were  lost  for  every  10  CD4 
cells  lost.  Importantly,  similar  trends  were  seen  in  the  relation  between  non- 
T  percent  and  CD4  percent  (Fig.  SB).  Becatise  non-T  percent  and  CD4  percent  are 
Independent  flow  cytometric  measurements,  this  observation  rules  out  the 
possibility  that  the  correlation  between  numbers  of  non-T  lymphocytes  and 
numbers  of  CD4  lymphocytes  could  have  been  an  artifact  due  to  the  use  of  the 
absolute  lymphocyte  count  in  calculating  both  of  these  numbers. 

The  relationship  between  non-T  lymphocytes  and  CD4  lymphocytes  is 
summarized  by  the  regression  results  in  Table  2.  Models  were  fit  to  test 
whether  the  values  of  the  Bj's  (intercepts)  and  £j's  (slopes)  (see  methods)  were 
equal  to  zero.  The  Bj's  were  significantly  different  from  zero  (p  <  0.001),  and 
the  parameter  estimates  are  provided  in  Model  1.  However,  the  £j's  (i.e. 
different  slopes  of  CD4  for  non-T  cells  for  different  times  from 
seroconversion)  were  not  significantly  different  from  zero  (p  -  0.078).  That 
is,  the  changes  of  non-T  cells  per  unit  change  of  CD4  were  the  same  for  all 
times  from  seroconversion.  Although  Model  1  indicates  that  the  intercepts 
(i.e. ,  Bj's)  were  different  from  zero,  when  Model  1  was  compared  with  Model  2 
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there  was  no  Indication  that  the  &j*s  after  seroconversion  were  different  among 
themselves  (p  0.094  for  model  1  vs.  model  2).  In  summary,  Model  2  provides  an 
appropriate  and  parsimonious  description  of  the  data.  It  Indicates  that  the 
changes  of  non-T  cells  per  change  in  CD4  are  the  same  for  all  the  times  from 
seroconversion  (i.e. ,  loss  of  3  non-T  cells  for  every  10  CD4  cells  lost)  and 
that  seroconversion  induces  a  drop  of  51  non-T  cells/mm^.  In  addition,  model  2 
summarizes  the  regression  lines  depicted  in  fig.  4  which  suggest  a  common  slope 
and  a  lower  Intercept  after  seroconversion.  Inferences  were  not  changed  by 
using  a  logarithmic  transformation  of  the  data. 

DISCUSSION 

In  this  study,  we  have  analyzed  the  effect  of  HIV-1  infection  on  ntimbers 
of  circulating  T  and  non-T  lymphocytes  in  321  homosexual  men  who  seroconverted 
to  HIV-1  during  the  study  period.  These  individuals  provided  data  for  up  to  4 
years  before  and  up  to  5  years  after  seroconverting,  so  that  both  short-  and 
long-term  effects  of  incident  HIV-1  infection  could  be  analyzed.  Our  results 
confirm  and  extend  previous  studies  (14,15)  by  unequivocally  demonstrating  the 
extent  and  biphasic  pattern  of  the  changes  in  CD4  and  CDS  lymphocytes.  In 
addition,  we  have  demonstrated  the  relative  stability  of  CD3  lymphocyte  numbers 
and  characterized  the  decline  in  non-T  lymphocytes  following  seroconversion. 

Changes  in  non-T  lymphocytes,  which  consist  primarily  of  B  cells  and 
natural  killer  (NK)  cells,  have  not  been  reported  previotisly,  although  numbers 
of  both  cell  types  have  been  reported  to  be  lower  in  HIV-l-seropositive 
individuals  than  in  -seronegatives  (16-19).  Like  CD4  lymphocytes,  non-T  cells 
declined  relatively  rapidly  in  the  first  year  after  seroconversion  and  more 
slowly  thereafter.  Analysis  of  the  changes  in  these  two  lymphocyte  populations 
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showed  that  they  were  closely  linked  in  terms  of  both  absolute  ntubers  and 
relative  percents  of  lymphocytes.  Althou^  some  non-T  lymphocytes  can  be 
infected  with  HIV  in  vitro  (20,21),  they  do  not  appear  to  be  major  targets  of 
this  virus  in  vivo.  Therefore,  the  parallel  nature  of  the  declines  in  CD4  and 
non-T  lymphocytes  after  HIV-1  seroconversion  provides  evidence  for  co-ordinate 
regulation  of  CD4  and  non-T  lymphocyte  populations.  Vlhether  this  depends  on  CD4 
cell  function  or  an  independent  mechanism  remains  an  open  question.  Changes  in 
numbers  of  circulating  non-T  lymphocytes  probably  reflect  primarily  changes  in 
NK  cells,  which  are  more  abundant  than  B  cells  in  normal  peripheral  blood  and 
are  proportionately  more  reduced  in  HIV-l-seropositive  individuals  (16-19). 

Beyond  the  first  Ih  years  after  seroconversion,  levels  of  circulating 
total  T  lymphocytes  changed  remarkably  little  despite  continuing  dramatic 
changes  in  the  numbers  of  circulating  C04  and  CDS  lyBq>hocytes .  Specifically, 
total  T  lymphocytes  declined  by  about  10%  (164/1661  cells/mm^)  in  the  first  Ih 
years  after  seroconversion,  while  CD4  lymphocytes  declined  38%  (374/995 
cells/mm^)  and  CDS  lymphocytes  rose  by  28%  during  this  time.  Furthermore,  T 
lymphocytes  did  not  change  significantly  In  the  ensuing  two  years,  while  the 
changes  in  CD4  and  CDS  lymphocytes  continued,  albeit  at  a  slower  rate.  The 
relative  long-term  stability  of  CD3  lymphocytes  suggests  the  existence  of 
another  regulatory  mechanism  which  maintains  CDS*  T  cell  levels,  such  that  1) 
loss  of  CD4  lymphocytes  is  detected  as  loss  of  CD3  lymphocytes,  and  2)  lost  CD3 
lymphocytes  are  replaced  without  regard  to  CD4'*'  or  CDS'**  phenotype.  Such  a 
mechanism  would  be  reflected  in  healthy  individuals  by  a  long-term  stability  of 
numbers  of  circulating  CD3'^,  CD4'*',  and  CD8'^  lymphocytes,  consistent  with 
available  data  implying  little  or  no  change  in  these  values  as  a  function  of 
time  in  cross-sectional  (22,23)  or  longitudinal  (8)  studies  of  HIV-1- 
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seronegative  adults.  However,  In  HIV*'  individuals  loss  of  CD4  lymphocytes  would 
stimulate  production  of  new  CDA*^  and  CDS'*'  lymphocytes.  Loss  of  the  new  CD4 
lymphocytes  (but  not  the  new  CDS  lymphocytes)  due  to  HlV-1  over  a  period  of 
months  to  years  would  result  in  a  gradual  replacement  of  CD4  lymphocytes  by  new 
CDS  lymphocytes  while  preserving  circulating  T  (CDS*)  lymphocytes. 

This  long-term  regulatory  mechanism  would  be  distinct  from  other 
regulatory  mechanisms  that  might  pertain  in  acute  conditions  such  as  infectious 
mononucleosis  due  to  infection  with  Epstein-Barr  virus  (24)  or  cytomegalovirus 
(25),  or  other  viral  infections  (26).  These  conditions  produce  a  transient 
lymphocytosis,  primarily  of  CDS  lymphocytes,  which  returns  to  baseline  values 
in  weeks  to  a  few  months.  In  addition,  some  HIV^  individuals  treated  with  AZT 
and  related  drugs  experience  a  short-lived  rise  in  CD4  lymphocytes  which 
appears  to  be  due  primarily  to  a  rise  in  CD3‘*'  lymphocytes,  because  both  CD4  and 
CDS  lymphocytes  increase  and  the  CD4/CDS  ratio  does  not  change  appreciably 
(27-29).  A  partial  reversal  of  the  depression  in  CDS'**  lymphocytes  seen  after 
HIV- seroconversion  could  account  for  this  phenomenon.  In  contrast  to  these 
situations,  HIV-1  infection  has  an  average  incubation  period  of  many  years, 
althou^  the  more  pronounced  changes  in  CD3,  CD4,  CDS,  and  non-T  lymphocytes  in 
the  first  year  after  HIV-1  seroconversion  could  also  reflect  acute  regulatory 
phenomena. 

The  hypothesis  of  long-term  regulation  at  the  CD3  lymphocyte  level  is 
also  supported  by  the  presence  of  normal  numbers  of  circulating  CD3 
lymphocytes,  despite  markedly  reduced  or  absent  CD4  lymphocytes,  in  some 
congenital  immune  deficiency  states  (30-32).  More  direct  evidence  that 
depletion  of  CD4  lymphocytes  results  in  production  of  new  T  cells  is  provided  by 
mouse  experiments  in  which  animals  depleted  of  CD4  lymphocytes  with  monoclonal 
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antibodies  generated  an  Increase  in  CDS  lymphocytes,  thus  maintaining  normal  or 
near-normal  levels  of  CD3  lymphocytes  (33,34)^.  An  increased  rate  of  T  cell 
lyir  'iopoiesis  would  lead  to  an  abnormally  high  frequency  of  newly  generated  T 
lymphocytes  of  both  phenotypes  in  the  circulation.  '  Studies  of  regenerating 
lymphocytes  after  bone  marrow  transplantation  indicate  that  newly  produced  T 
lymphocytes  frequently  express  phenotypic  markers  associated  with  activated 
lymphocytes,  such  as  HLA-DR  and  CD38  (35-39).  Thus,  the  well -documented 
increase  in  T  lymphocytes  expressing  CD38  and/or  HLA-DR  in  HIV-1  infection 
(40-42)  could  be  due  in  part  to  turnover  of  T  cells,  measurement  of  which  could 
provide  a  useful  indication  of  disease  activity. 

An  alternative  explanation  for  the  persistent  increase  in  CD8  lymphocytes 
after  HIV-1  seroconversion,  namely  an  increase  in  HIV-l-specific  cytotoxic  T 
lymphocytes  (CTL) ,  seems  unlikely  for  two  reasons.  First,  the  number  of  CD8 
lymphocytes  approximately  doubles  after  seroconversion;  to  account  for  such  an 
increase,  antigen- specific  CD8  cells  would  have  to  represent  about  half  of  the 
CDS  lymphocytes  circulating  in  a  HIV-l-seropositive  individual.  However,  the 
frequency  of  antigen- specific  CTL,  even  after  immunization,  represents  a  very 
small  proportion  of  total  T  cells  and  could  not  account  for  such  a  large 
increase  in  circulating  CDS  lymphocytes  (43).  Second,  this  alternative  does 
not  explain  the  constancy  of  nuid)ers  of  T  lymphocytes,  rather  than  an  increase 
or' decrease,  in  the  face  of  large  changes  in  numbers  of  CD4  and  CDS  lymphocytes. 
An  inherently  more  rapid  reproduction  rate  of  CDS  lymphocytes  compared  to  CD4 
lymphocytes,  as  suggested  by  earlier  reconstitution  by  CDS  cells  after  bone 
marrow  transplantation  (reviewed  in  (44)),  may  also  contribute  to  the  rise  in 
CDS  lymphocytes  in  HIV-1  infection. 

Taken  together,  the  available  data  suggest  that  the  alterations  in 
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lymphocyte  populations  that  are  characteristic  o£  HIV>1  infection  are  due  at 
least  in  part  to  the  operation  of  normal  regulatory  mechanisms  which  are 
triggered  in  response  to  HIV-1  mediated  destruction  of  CD4  lymphocytes. 
Further,  these  alterations  may  contribute  to  the  development  of  immune 
deficiency  because  a  progressively  larger  proportion  of  both  CD4  and  CDS 
lymphocytes  will  be  composed  of  newly  generated,  functionally  \inresponsive 


cells. 
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Legends 

Fig.l.  ScaCterplot  of  number  of  CD3  lymphocytes  as  a  function  of  time  relative 
to  seroconversion  In  MACS  seroconverters .  The  estimated  time  of  seroconversion 
Is  taken  as  0,  with  negative  numbers  representing  tloM  points  before 
seroconversion.  Each  dot  represents  one  observation  on  one  Individual 
(n-3198).  A  locally  weighted  regression  line  Is  shown. 

Fig.  2.  Changes  in  geometric  mean  numbers  of  lymphocytes  per  mm^  In  MACS 
seroconverters  as  a  function  of  time  relative  to  seroconversion.  Points 
represent  geometric  means  of  observations  within  the  Indicated  time  Intervals . 
Error  bars  represent  95%  confidence  Intervals  of  the  mean  (l.e. ,  approximately 
twice  the  standard  error  of  the  mean) .  The  numbers  of  observations  for  each 
time  point  are  as  follows:  for  lymphocyte  number  n-423,  499,  700,  717,  529,  466; 
for  T  cell  subsets  n-394,  457,  649,  706,  524,  463. 

Fig.  3.  Scatterplot  of  numbers  of  non-T  lymphocytes  (per  mm’  of  blood)  for  MACS 
seroconverters  as  a  function  of  time  relative  to  seroconversion.  Each  dot 
represents  one  observation  on  one  Individual.  A  locally  weighted  regression 
line  Is  shown.  151  of  3354  Individual  observations  lie  above  the 
vertical  limit;  these  are  not  shown  but  are  included  In  the  derivation  of  the 
regression  line. 

Fig.  4.  Scatterplots  of  number  of  non>T  lymphocytes  vs.  number  of  CD4 
lymphocytes  (per  mm’  of  blood)  for  MACS  seroconverters  at  different  times 
relative  to  seroconversion.  Figs,  a-f  display  data  from  the  Indicated  time 
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periods  In  relaClon  to  the  estimated  time  of  seroconversion.  The  polygons 
enclose  5%,  67%,  and  80%  of  the  data,  from  the  center  of  the  clusters  moving 


outward.  The  solid  straight  lines  Indicate  the  least  squares  regression  lines 
for  each  time  period  separately.  The  dashed  stral^t  lines  Indicate  the 
regression  lines  derived  from  the  overall  regression  model  described  In  the 
text.  The  numbers  of  observations  In  each  figure  are:  a)  393,  b)  436,  c)  648, 


d)  703,  e)  523,  and  f)  465. 


Fig.  5.  Movements  of  the  centers  of  the  distributions  of  numbers  (A)  and 
percents  (B)  of  non-T  lymphocytes  In  relation  to  CD4  lymphocytes  over  time.  The 
data  displayed  correspond  to  the  centers  of  the  distributions  shown  In  Fig.  4 
for  part  A,  and  to  the  corresponding  raw  data  for  percents  (not  shown).  Letters 
In  graph  Indicate  the  time  Intervals  corresponding  to  parts  a>f  of  Fig.  4. 

Thus,  a  and  b  represent  pre- seroconversion  data,  and  c  to  f  represent  data  post 
seroconversion. 


Table  1.  Results  derived  from  regression  of  lymphocyte  populations  on  time 
I  from  seroconversion  (SC) .  The  Intercepts  are  the  estimated  values  prior  to  SC 
jJMA  and  correspond  to  the  as  In  the  regression  models.  The  coefficient  for  a  given 
time  period  after  SC  Is  the  estimated  change  from  the  Intercept  value  and 
corresponds  to  the  /3  for  that  time  point  In  the  regression  model.  For  example, 
CD4  measurements  made  between  24  and  36  months  after  SC  average  572  cells//il  - 
995-423. 


Table  2.  Results  derived  from  regression  of  non-T  lymphocytes  vs.  CD4  number 
and  time  from  seroconversion  (SC) .  The  Intercept  Is  the  estimated  number  of 
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non-T  cells  prior  Co  SC.  corresponding  to  a  CD4  count  of  zero  cells/fil  and 
corresponds  to  the  a  for  the  regression  model.  The  coefficient  of  #CD4  is  the 
estimated  number  of  non-T  lymphocytes  lost  for  each  CD4  cell  lost  and 
corresponds  to  the  7  for  the  regression  model  (Ss  were  all  not  significantly 
different  from  0) .  The  estimate  for  each  time  period  after  SC  is  the  difference 
in  non-T  cell  number  between  the  pre-SC  value  and  measurements  made  during  the 
indicated  period,  and  corresponds  to  /9  in  the  regression  model.  Model  1 
provides  estimates  for  4  time  periods.  Model  2  provides  a  single  estimate 
combining  all  times  after  SC.  and  is  not  significantly  different  from  Model  1 


(see  text) . 
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Foptnot* 


^Adelman,  L.A.  and  D.  Vofsy,  T  cell  homeostasis:  implications  in  HIV  infection 
(manuscript  submitted) 


Table  1  :  Regression  o/  Numbers  of  Lymphocyte  Subsets  on  Time  from  Seroconversion  \ 
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Table  2  :  Results  of  Regressing  the  Number  of  Non-T  Lymphocytes 
oh  Number  of  CD4  Lymphocytes  and  Time  from  Seroconversion 


Model  1 

Model  2 

Intercept 

350  ±  17  * 

342  ±  16 

#  CD4  Lymphocytes 

0.29  ±  0.01 

0.30  ±  0.01 

Time 

[0,12)  months 

-45  ±  10 

from 

[12,24)  months 

-50  ±  11 

SC 

[24,36)  months 

-70  ±  12 

(>  36)  months 

-65  ±  14 

(>  0)  months 

-51  ±9 

Standard  Deviation  (cr)** 

230 

230 

Intraclass  correlation  (/>) 

0.41 

0.41 

-2  log  likelihood 

42764.5 

42770.9 

deviance;  p-value 

6.4;  0.094 

*  Regression  coefficient  ±  standard  error 
**  Standard  deviation  of  cell  number  measurements 
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Previous  studies  have  shown  that  exogenous  IL2  can  not  correct  the  reduction  in 
PHA-induced  proliferation  of  lymphocytes  from  HIV  type-1  (HIV-1)  Infected  (HIV*) 
Individuals.  Ve  investigated  the  mechanism  of  this  reduction  to  determine  if  a 
reduced  expression  of  complete  IL2  receptor  (IL2R)  and/or  over  production  of 
traxisfonsing  growth  factor-^1  (TGF-^1)  were  responsible.  PHA  stimulated  T  cells 
from  89  HIV'  and  93  HIV*  homosexual  men  from  the  Baltimore  Multicenter  AIDS 
Cohort  Study  (MACS)  were  studied  using  Northern  blot  analysis  of  IL2R  a,  IL2R  0, 
and  TGF-^1  mRNA  expression,  binding  of  ^I-IL2  to  high  affinity  IL2R,  and 
determination  of  IL2  dependent  cell  proliferation.  Compared  to  HIV~  donors,  HIV* 
donors  demonstrated  reductions  in  hl^  affinity  IL2&  expression  and  in  the  IL2 
induced  proliferative  response  of  PHA  stimulated  PBMC.  Cells  from  HIV*  donors 
also  evidenced  a  reduction  in  IL2R  a-  and  /}-chain  mRNA  expression  which  may  be 
responsible  for  decreased  high  affinity'  IL2R  expression.  However,  there  was  no 
reduction  in  TGF-^1  mRNA  expression  in  xmstinnilated  or  PHA  stimulated  PBMC  from 
HIV*  compared  to  the  HIV~  donors.  Furthermore,  anti  TGF-/!1  antibo<ty  did  not 
Increase  the  IL2  augmentation  of  proliferative  response  of  cells  from  HIV* 
donors.  These  results  suggest  that  T  cell  activation  defects  associated  with 
decreased  1L2R  expression  contribute  to  the  lower  proliferative  response  of  cells 
from  HIV*  donors.  TGF-^1  does  not  appear  to  contribute  to  this  deficit. 


I 


5 


INTRODUCTION 


Reduction  of  T  cell  proliferative  responses  to  antigens,  mitogens,  and  IL2  occurs 
In  the  early  stages  of  HIV*1  Infection  (1*4).  The  mechanism  responsible  for  these 
reduced  responses  Is  not  well  understood.  A  direct  viral  effect  seems  unlikely, 
since  the  frequency  of  HIV  Infected  cells  Is  very  low  (10**  to  lO**)  (5-7) . 
Possible  mechanisms.  In  addition  to  a  variable  degree  of  CD4  lymphocytes 
depletion  include  the  posslbllly  of  T  cell  Inhibitory  factors  present  In  serum 
from  HIV^  Individuals  (8,9);  Inhibitory  effects  of  HIV  proteins  such  as  gpl20. 
gp41,  and  tat  (10-12);  elevated  serum  levels  of  soluble  IL2R  a  (13)  which  can 
compete  with  cellular  IL2R  for  free  IL2  (14) ;  reduced  production  of  IL2  and  other 
growth  factors  (15-19);  and  overproduction  of  Inhibitory  factors  such  as  TGF-^j 
(20). 

T  cells  stimulated  by  either  antigen  or  mitogen  enter  the  Gj-S  phase  of  the  cell 
cycle  after  receiving  a  signal  transduced  by  the  binding  of  IL2  to  the  high 
affinity  IL2R,  a  noncovalently  associated  heterodimer  composed  of  a  and  chains 
whjlch  responds  to  physiologic  concentrations  of  IL2  (Kd  -  1-50  pH)  (21,22). 
Activated  T  cells  express  at  least  20-40  times  more  IL2R  a  chain  than  required 
to  associate  with  chains  (21,22),  and  as  such  the  chain  Is  the  limiting 
component  for  the  formation  of  the  high  affinity  IL2R.  In  addition,  the  chain 
Is  essential  for  transduction  of  the  IL2  signal  (23-25) .  These  obervatlons 
suggest  that  a  defect  In  expression  of  either  the  a  or  the  fi  subunit  of  the  hlgb 
affinity  IL2R  provides  a  possible  explanation  for  the  decrease  In 
lymphoprollferatlve  responses.  In  support  of  this  possibility.  It  has  been 
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demonstrated  that  reduction  of  antigen-  and  mitogen- induced  lymphoproliferative 
responses  in  short  term  cultures  of  PBMC  from  donors  is  not  reversed  by 
exogenotis  IL2  (2,16,18,26-28).  Similarly,  we  found  lower  precursor  frequencies 
of  IL2- responsive  cells  in  PBMC  from  HIV^  donors  (4,29),  and  expression  of  IL2R 
a  has  recently  been  reported  to  be  reduced  on  circulating  lymphocytes  from  HIV^ 
donors  (30).  However,  expression  of  the  IL2R  a  subunit  on  mitogen  activated  T 
cells  from  HIV*  donors,  though  reduced  (1,18,26-28),  should  still  be  sufficient 
to  form  a  normal  number  of  high  affinity  IL2R,  because  the  a  subunit  is  normally 
expressed  in  such  great  excess.  In  contrast,  the  effect  of  HIV-1  Infection  on 
the  expression  of  the  subunit  has  been  less  well  studied,  although  a 
preliminary  report  suggested  that  expression  of  the  subunit  by  stimulated  PBMC 
from  HIV*  donors  is  diminished,  or  absent  in  some  cases  (31).  In  this  study,  we 
have  investigated  expression  of  the  fi  subunit  by  PHA  stimulated  lymphocytes  from 
HIV*  donors. 

Recently  it  has  been  suggested  that  an  excess  of  TGF-^1,  a  proliferation 
inhibitory  cytokine  produced  by  a  wide  variety  of  cells  (32-34)  ,  could  contribute 
to  a  reduced  proliferative  potential  in  T  cells  from  HIV*  donors  (20).  Therefore, 
we  also  investigated  the  relation  between  the  expression  of  IL2R  a  and  mRNA  and 
resultant  high  affinity  IL2R,  the  expression  of  TGF-^1  mRNA,  and  the  effect  of 
neutralization  of  TGF-^1  on  T  cell  proliferative  ability. 
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MATERIALS  AMD  METHODS 


Stnid-y  t>«rt:lcii)«nf ;  89  HIV*  and  93  HIV^  honosexual  nen  partlcipaclng  in  the 
Baltioore  center  of  the  MACS,  were  studied.  As  described  in  detail  elsewhere 
(35)  .'participants  in  this  study  are  followed  at  6-  month  intervals  with  clinical 
and  laboratory  evaluations,  including  testing  for  the  presence  of  antibodies  to 
HIV-i  by  ELISA  with  confirmatory  analysis  using  Western  blot,  and  nwasurement  of 
T  cell  subsets  by  flow  cytometry  as  described  below. 

Cell  culture:  PBMC  were  isolated  from  heparinized  blood  by  centrifugation  at 
400  g  for  30  min  over  Ficoll-Hypaque  (36) .  PBMC  were  washed  and  suspended  at  5x 
10’  cells  per  ml  in  complete  culture  medium  consisting  of  RPMI  1640  (Whittaker 
Bioproducts,  Walkersville ,  MD) ,  10%  FBS  (Hyclone,  Logan,  Utah)  and  100  /ig  per  ml 
gentamicin.  The  cells  were  stimulated  with  0.5  |ig  per  ml  FHA  (Wellcome  Research 
Laboratory,  Janesville,  NC)  and,  unless  otherwise  stated,  cultivated  in  75  cm^ 
tissue  culture  flasks  at  37^C  in  5%  CO2  and  95%  hximidity. 

binding;  After  stimulation  widi  PHA  for  55  h,  PBMC  were  washed  twice 
and  reincubated  in  complete  medium  at  37^C  overnight  (at  least  16  h) .  The  cells 
were  isolated,  washed,  and  suspended  in  ice  cold  co8q>lete  medium  at  5x10*  viable 
cells  per  ml.  ^’l-IL2  binding  to  the  cells  was  assayed  as  described  previoxisly 
(37).  Briefly,  100  ftl  of  serial  dilutions  of  1.5  •  200  pM  of  ice  cold  ^I>IL2 
(Sp.  Act  33-46  ftCl/fig,  New  England  Nuclear,  Boston,  MA)  were  mixed  with  100  itl 
of  5x10’  cells  in  1.5  ml  conical  microcentrifuge  tubes.  The  tubes  were  gently 
vortexed  and  then  incubated  on  ice  for  30  min  with  2-3  intermediate  vortexings. 
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After  incubation,  1  al  of  ice-cold  aedia  was  added  to  each  tube,  and  the  tubes 
were  then  centrifuged  at  9000  g  for  2  ain.  The  supernatants  were  saved  and  the 
cell  pellets  were  suspended  in  100  /tl  of  RFMI-1640  and  were  then  layered  over 
dibutylpthalate/dioctylpthalate  (1.1:1)  In  chilled  aicrocentrifuge  tubes.  The 
saaples  were  centrifuged  to  pellet  the  cells  throtigh  the  oil  barrier.  The  tips 
of  the '  tubes  containing  the  cell  pellets  were  clipped,  and  radioactivi^  was 
counted  in  a  7  counter.  The  nonspecific  binding  of  ^I-IL2  to  the  cells  was 
deterained  in  soae  experiaents  by  adding  a  100  fold  excess  cold  rIL2  (graciously 
provided  by  Cetus  Inc .  Emeryville .  CA) .  The  B  aax  of  IL2  binding  and  the 
equllibritja  dissociation  constant  (kd)  were  deterained  using  the  ENZYFIT  program 
(38) 

Preparation  and  analysis  of  IL2R  a.  B  and  TGF-81  aRRA;  Total  cellular  RNA  was 
isolated  from  20  x  10^  unstiaulated  or  PHA  stimulated  cells  by  the  RNAzol  method 
(Cinna/Biotecx  Laboratories,  Friendswood,  TX).  Twenty- four  hours  after  PHA 
stiiBulatlon  there  is  maximal  1L2R  aRHA  expression  (24)  and  at  this  time  period 
TGF-^1  inRNA  is  also  maxlaally  expressed  (34).  Althou^  IL2R  a  aRNA  is  aaxiaally 
expressed  by  16  h  after  PHA  stimulation,  its  expression  still  remains  nearly 
maximal  at  24  h  after  PHA  stimulation  (39,  Per5onal  observations) .  Thus  cells 
were  stimulated  with  PHA  for  24  h  to  study  the  expression  of  these  three  genes 
in -the  same  individuals.  For  unstimulated  cells  12  MS  and  for  stimulated  cells 
15  Mg  of  RHA  per  lane  was  electrophoresed,  blotted,  and  hybridized  as  described 
previously  (40)  with  cDNA  probes  specific  for  human  IL2R  a,  IL2R  0  (plasmids 
graciotisly  provided  by  Dr.  W.  J.  Leonard,  NICHD,  Bethesda,  MD),  TGF-/91  (plasmid 
graciotisly  provided  by  Dr.  R.  Derynick,  Department  of  Developmental  Biology, 
Genentech,  South  San  Francisco,  CA)  and  human  actin  (plasmid  graciously  provided 
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by  Dr.  L.  H.  Kedes,  Stanford  University  School  of  Medicine,  Palo  Alto,  CA) 
labelled  to  high  specific  activity  with  CTP  (MEN)  using  the  randoa  priaer 
aethod  (41)  .  For  unstimulated  cells,  blots  were  first  hybridized  with  probes  for 
IL2R  a.  The  IL2R  a  probe  was  then  stripped  (40)  and  the  blots  were  hybridized 
with  TGF-/91  probe ,  after  which  the  TGF>^1  probe  was  stripped  and  the  blots  probed 
with  ZL2R  and  actin  probes  together.  For  PHA  stiaulated  cells,  blots  were 
siailarly  hybridized  with  probes  for  TGF-^1  followed  by  IL2R  a,  and  finally  IL2R 
/9  and  actin  together.  Air  dried  filters  were  exposed  at  -yo**  C  to  Kodak  XAR  fila 
with  intensifying  screens,  and  autoradiograsu  were  scanned  with  a  densitoaeter 
(Hoefer  Scientific  Instruaents,  San  Fransisco,  CA).  The  concentrations  of  aRNA 
bands  were  normalized  to  the  concentration  of  actin  aRMA  bands  (taken  as  2000 
arbitrary  densitometrlc  units) . 

Flow  cytometric  analysis  of  surface  expression  of  II.2R  a  and  B  chains;  Peripheral 
blood  lymphocytes  expressing  CD3,  CD4,  and  CDS  were  measured  in  the  whole  blood 
using  staining  technique  as  previously  described  (42,43)  using  two-color  flow 
cytometry  and  two  cooAiinations  of  antibodies  directly  labelled  with  FITC  or 
phycoerythrin  (PE)  as  follows:  CD3-FITC/IgGi-PE  and  CD8-FITC/<n)4-PE.  For 
analysis  of  IL2R  a  and  subunits  on  cultured  lymphocytes,  10*  cells  were  washed 
three  times  in  PBS  containing  0.1%  BSA  and  0.01%  azide  (wash  buffer),  resuspended 
in  0.1  ml  cold  wash  buffer,  and  stained  with  either  FITC-labelled  anti-IL2Ra  or 
a  1:1000  dilution  of  anti-IL2R  fi  antibody  (TU27,  graciously  provided  by  Dr.  S. 
Taki,  Ajinomoto  Co.  Inc.,  Central  Research  Laboratories,  Kawasaki,  Japan,  (44) 
followed  by  FITC  labelled  goat  anti  mouse  IgG  antibody,  with  normal  mouse  IgG  as 
a  control.  All  other  antibodies  were  purchased  from  Becton-Dickinson  (Mountain 
View,  CA) ,  and  all  incubations  with  antibodies  were  performed  on  ice  for  30  min 
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and  followed  by  three  washes  in  wash  buffer.  Stained  cells  were  fixed  in  wash 
buffer  containing  0.5%  formaldehyde  (Polysciences,  Warrington,  PA)  and  stored  in 
the  dark  at  4°  C  until  analysis  on  an  EPICS  C  flow  cytometer  (Coulter 
Electronics,  Hialeah,  FL)  with  selection  of  lymphocytes  by  gating  using  forward 
and  side  light  scatter. 

^I-IL2  cross  linking;  After  stimulation  with  PHA  for  55  h,  cells  were 
pelleted,  washed  twice  and  recultivated  in  complete  medium  as  described  above. 
The  cells  were  then  pelleted  and  washed,  and  4-8  x  10*  cells  were  incubated  on 
ice  with  1  nM  ^*I-IL2  in  0.5  ml  RPMI  1640  containing  3%  FBS  and  0.1%  NaN3  for 
one  hr.  After  three  washes  with  PBS  containing  1  mM  MgClj,  the  receptor -ligand 
complexes  on  cells  were  covalently  cross  linked  with  freshly  prepared 
disuccinimidyl  sxiberate  (DSS)  (Pierce  Chemicals,  Rockford,  IL)  as  previously 
described  (45).  The  cells  were  lysed  with  Tris  buffer,  pH  6.8,  containing  0.5% 
NP-40  and  electrophoresed  under  reducing  condition  on  gels  containing  10% 
polyacrylamide  and  0.1%  SDS  (46).  After  electrophoresis,  the  gels  were  fixed, 
dried  under  vaccum,  and  autoradiographed  as  described  (47).  Quantitative 
analysis  of  autoradiograms  was  performed  using  a  scanning  densitometer  (Pharmacia 
LKB,  Biotechnology,  Piscataway,  N.J.).  The  results  are  presented  as  arbitrary 
units  corresponding  to  the  relative  areas  under  the  peak. 

Cell  proliferation:  5  x  10*  PBHC  were  cultured  in  triplicate  wells  of  flat 
bottom  96  well  microtiter  plates  in  0.2  ml  with  PHA  or  complete  medium  alone  for 
72  h,  with  a  pulse  of  1  ^Ci  per  well  of  ’H-TdR  (Sp.  Act  6.7  Ci/mmol,  NEN)  for 
the  last  16  h.  To  study  the  stimulatory  effects  of  IL2,  cells  were  stimulated 
with  PHA  for  55  h,  washed,  and  recultured  ovemi^t  in  the  absence  of 
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lymphokines.  An  aliquot  of  these  cells  was  cultured  at  5x10*  cells  per  well  with 
or  without  1  nM  rZL2  for  48  hrs  and  pulsed  with  1  ftCi  per  well  of  ^H-TdR  for  the 
last  4  h.  To  analyze  the  effects  of  TGF-^1  antibody,  1.2  x  10”  PBMC  In  1.2  nl 
complete  medium  were  stimulated  with  PHA  In  the  presence  of  12.5  /ig  per  ml 
chicken  anti  TGF-^1  neutralizing  or  control  (Chicken  IgG)  antibody  (both  from 
R  &  D  Systems ,  Minneapolis ,  MN)  and  cultured  In  24  well  flat  bottom  tissue 
culture  plates.  In  preliminary  experiments,  12.5  /ig  per  ml  anti  TGF*/J1  antibody 
neutralized  the  Inhibitory  effects  of  10  ng  per  ml  of  TGF-^1  on  CCL64  epithelial 
cell  proliferation  (data  not  shotm) .  Also  this  concentration  of  anti  TGF-^1 
antibody  was  several  fold  In  excess  of  the  one  described  by  the  manufacturer  (2-3 
/ig  for  0.25  ng  per  ml  TGF-^1)  to  ensure  complete  neutrallazation  of  TGF'/91  In  the 
cultures.  After  55  h  In  culture,  cells  were  washed  and  recultured  overnight  In 
complete  medium.  The  cells  were  then  Isolated  and  washed,  and  5  x  10*  cells  per 
well  were  cultured  In  0.2  ml  complete  medium  for  48  h  In  the  presence  or  absence 
of  rIL2,  TGF-^1  antibody  or  control  antibody  (chicken  IgG)  with  the  last  4  h 
pulse  with  ”H-TdR.  The  amount  of  ”H-TdR  Incorporated  Into  cellular  DMA  was 
quantified  by  standard  liquid  scintillation  counting. 


Statistical  analysis:  Data  analysis  was  performed  using  a  connerclally  available 
statistical  package  (SYSTAT,  Evanston,  IL).  Student's  t-test  (two-tailed)  was 
used  for  comparison  of  radioactive  ”H-TdR  and  densltoswtry  data.  ”H-TdR  uptake 
data  was  approximately  log  normally  distributed  and  were  log  transformed  prior 
to  xise  of  Students' s  "t”  test.  IL2  receptor  data  were  blmodally  distributed;  the 
Kruskal -Wallis  rank  order  test  was  used  to  compare  1L2R  expression  on  cells  from 
HIV*  and  HIV* 


HIV 


donors 
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RESULTS 

In  addition  to  the  89  HIV*  Individtxals  %fho  served  as  control  donors,  93  HIV^ 
individuals  who  did  not  have  AIDS  were  studied.  The  oMan  percentage  and  nu^er 
of  CD4  lymphocytes  per  were  48.22  ±  1.12,  1323  ±  54  (mean  ±  SEM,  n  -  74), 
respectively,  for  the  seronegatives  and  30.59  ±  1.57,  640  ±41  (n  ••  81)  for  the 
seropositives,  both  significantly  less  in  HIV**  (p  <  0.001,  t-test  ).  Due  to 
limited  availibillty  of  cells,  not  all  individuals  could  be  studied  in  all 
experiments.  Consistent  with  previous  reports,  the  HIV**  homosexual  men  in  the 
present  study  showed  significantly  decreased  ^-TdR  Incorporation  (p  <  0.006)  in 
response  to  PHA  stimulation  in  72  h  cultures.  The  geometric  mean  ^H-TdR 
incorporation  (minus  and  plus  the  SEM)  in  15  donors  in  each  group  was  11,940 
(10186,  13996)  in  HIV*  and  6442  (5623,  7379)  in  HIV*. 

EXOGEWOUS  rIL2  DOES  HOT  FULLY  RECOHSTITOTE  PROLIFERATIVE  RESPONSE  OP  CELLS  FROM 

Bn! 

We  considered  the  possibility  that  in  vitro  spread  of  HIV-1  might  lead  to 
increased  cell  mortality  which  could  account  at  least  in  part  for  the  reduced 
proliferative  response  seen  with  cells  from  HIV*  donors.  Therefore  to  find  the 
additional  mechanisms  that  contribute  to  the  defective  proliferative  response, 
activated  cells  from  HIV*  and  HIV*  donors  were  recultivated  at  equal  viable  cell 
density.  In  these  experiswnts,  cells  from  22  donors  in  each  group  were 
stimulated  with  PHA  for  55  h,  washed  to  remove  endogenously  produced  lymphokines , 
and  recultured  overnight  in  complete  medium  to  allow  the  optimal  expression  of 
IL2R  on  cells.  The  proliferative  response  of  these  cells  was  examined  after  48 
h  in  culture  in  the  presence  or  absence  of  1  nM  rIL2.  These  conditions  were 
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determined  to  be  optimal  for  IL2  induced  cell  proliferation.  As  shown  in  Fig. 
1,  the  proliferative  response  of  cells  from  HIV*  and  HIV*'  donors  was  augmented 
by  the  addition  of  exogenous  IL2  (HIV*,  mean  difference  -  49,556  cpm,  p  <  0.001; 
HIV*',  28,008  cpm,  p  <  0.001,  paired  t-test).  However,  even  in  the  presence  of 
saturating  concentrations  of  IL2,  cells  from  HIV*  donors  showed  a  proliferative 
responise  that  was  significantly  lower  than  that  of  similarly  treated  cells  from 
HIV*  donors  (p  <  0.001).  Therefore,  the  decrease  in  proliferative  response  in 
IL2  treated  cultures  persisted  even  when  numbers  of  viable  cells  per  cultxire  were 
standardized.  These  results  suggest  that  cells  from  HIV*  donors  have  decreased 
expression  of  high  affinity  IL2R.  or  alternatively,  a  subpopulation  of  these 
cells  falls  to  express  IL2R. 

HIGH  APFIHITY  IL2R  EXPRESSION  BY  CELLS  FROM  HIV*  DONORS  IS  DECREASED 
To  evaluate  the  possibility  of  an  insufficient  number  of  high  affinity  IL2R 
expressed  on  FHA  stimulated  cells  from  HIV*  donors,  the  binding  of  ^^I>IL2  to 
IL2R  was  studied  under  high  affinity  IL2  binding  conditions.  The  high  affinity 
IL2R  were  significantly  less  on  cells  from  HIV*  donors  as  compared  to  the  HIV* 
donors  (Fig.  2,  median  IL2R  per  cell  -  2885  in  HIV*  and  924  in  HIV*.  P  <  0.031, 
Kniskal -Wallis  rank  order  test) .  Although  there  appeared  to  be  a  relationship 
between  1L2  mediated  augmentation  of  proliferation  and  IL2R  expression  (Fig.  2C)  , 
in  two  cases  of  HIV*  donors  there  was  reduction  of  the  proliferative  response 
despite  elevated  levels  of  high  affinity  IL2R  expression.  This  suggested  that 
reduction  of  high  affinity  IL2R  may  not  be  sufficient  in  itself  to  explain  the 
lower  proliferative  response  of  HIV*.  Since  the  number  of  high  affinity  IL2R  in 
these  experiments  represents  an  average  number  per  cell,  it  is  possible  that 
there  is  an  accumulation  of  IL2R  a  ox  0  chain  negative  cells  in  the  PHA 
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scinulated  cell  population  of  cells  froa  HIV*  donors  that  contributes  ■  to  the 
overall  reduced  average  nunber  of  high  affinity  IL2R  per  cell. 
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The  lower  ^I*IL2  binding  to  the  cells  froa  HIV*  donors  suggested  that  there 
could  be  an  accuaulation  of  a  certain  T  cell  subpopulation  in  HIV*  donors  that 
do  not  express  IL2R  0  chain,  the  Halting  coapbnent  of  the  high  affinity  IL2R. 
Atteapts  to  quantify  expression  of  IL2R  0  on  PHA  stlaulated  lyaphoctyes  by  flow 
cytoaetry  showed  no  consistent  differences  between  cells  froa  12  HIV~  and  14 
HIV*  donors  in  5  separate  experiments  (Fig.  3).  Only  weak  staining  with  anti- 
IL2R  0  antibody  was  observed,  and  the  percentages  of  stained  cells  expressing 
IL2R  0  could  not  be  accurately  assessed.  These  results  are  consistent  with 
previotis  studies  of  healthy  donors  (44,48-50),  and  probably  reflect  a  low  level 
of  1L2R  0  expression  per  cell  in  both  HIV*  and  HIV*  donors. 

Therefore,  we  examined  relative  expression  of  the  IL2R  a  and  0  subunits.  For 
these  experiments,  ^’l-IL2  was  covalently  cross-linked  to  its  receptors  and  the 
relative  expression  of  IL2R  a  and  0  subunits  was  determined  by  SDS- 
PAGE/autoradiography.  In  order  to  ensure  that  all  0  chains  would  bind  IL2,  we 
selected  an  intermediate  concentration  of  ^I-IL2  (1  nM),  idiich  would  saturate 
both  the  high  affinity  {a0)  IL2R  as  well  as  the  intermediate  affinity  {0  alone) 
IL2R  on  the  cells.  Both  IL2R  a  and  0  chains  were  present  in  cells  from  all  HIV* 
and  HIV*  Individuals  studied,  and  the  degree  to  which  these  subtmits  were 
expressed  appeared  to  be  strongly  interrelated  (Fig.  4A).  To  verify  this,  we 
analyzed  the  ratio  of  a/0  expression  in  25  HIV*  and  25  HIV*  individxials .  As 
shown  in  Fig.  4B,  there  was  no  significant  difference  in  the  ratio  of  IL2R  a/0 
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between  HIV~  and  HIV''  individuals  (p  <  0.07).  No  individuals  with  very  low  or 
very  high  ratios ,  which  would  have  suggested  selective  reduction  in  the 
expression  of  the  a  or  0  subunit,  respectively,  were  found. 


Because  TGF-^1  inhibits  1L2R  a  expression  as  well  as  1L2  induced  T  cell 
proliferation  (34)  and  has  been  reported  to  be  overexpressed  by  unstinulated  PBMC 
from  HIV'  donors  (20),  we  considered  the  possibility  of  excessive  production  of 
TGF-/91  as  oiie  of  the  possible  mechanisms  leading  to  the  reduction  of  IL2R 
expression  and  T  cell  proliferative  response  in  HIV'  donors.  Therefore,  we 
studied  TGF'^l  mRNA  expression  in  PHA  stimulated  PMC  from  HIV'  donors.  Also, 
in  the  same  individuals  we  studied  IL2R  id(NA  to  examine  the  relationship  between 
IL2R  and  TGF-^1  mRNA  expression.  Fig.  5  shows  a  typical  Northern  blot  pattern  of 
TGF-^1,  IL2R  a,  0  and  actin  mRNA  in  cells  stimulated  with  PHA  for  24  h  from  7 
HIV*  and  7  HIV'  individuals.  As  shown  by  the  densitometric  analysis,  TGF>^1  mRNA 
was  not  expressed  at  higher  amounts  in  the  HIV'  compared  to  the  HIV*  donors  (  p 
<  0.23,  Fig.  6A) .  However,  there  was  a  significant  reduction  in  the  expression 
of  IL2R  a  (p  <  0.006,  Fig.  6fi)  and  0  (p  <  0.02,  Fig.  6C)  mRNA  in  HlV  compared 
to  the  HIV*  donors.  Thus  it  appears  that  a  tandem  reduction  in  the  expression 
of  mRNA  for  IL2R  a  and  0  subunits  contributes  to  the  deficiency  of  IL2R  chains 
and  hi^  affinity  IL2R. 


In  contrast  to  the  present  findings  in  PHA  activated  PBMC,  a  previous  study  has 
reported  that  unstimulated  PBMC  from  asymptomatic  HIV'  donors  express 
significantly  more  TGF-^1  mRNA  compared  to  HIV*  donors  (20) .  Ve  considered  the 


16 

possibility  that  there  nay  be  more  in  vivo  activated  T  cells  in  HIV+  donors  which 
mi^t  lead  to  over  expression  of  TGF-/91  nRNA  as  well  as  its  production. 
Therefore,  EtNA  was  harvested  from  the  unstimulated  PBMC  of  14  HIV~  and  13  HIV^ 
donors.  The  TGF-^1  and  IL2R  /9  mRNA  was  detected  in  RNA  prepara  tons  from 
unstimulated  cells  from  all  individuals.  Fig  7A  and  B  shows  the  densitometric 
analysis  of  the  nRM  bands  for  TGF-^1  and  IL2R  in  cells  from  HIV'  and  HIV* 
individuals.  The  TGF-^1  and  IL2R  0  mRNA  expression  were  not  significantly 
different  for  cells  from  HIV~  and  HIV^  donors.  Furthermore,  the  IL2R  a  mRNA  was 
not  detected  in  unstimulated  PBMC  from  any  HIV~  or  HIV**  individual.  Therefore 
there  was  no  \inusual  expansion  of  an  in  vivo  activated  T  cell  population  which 
express  IL2R  a  mRNA.  Similarly  there  was  no  excessive  base  line  TGF-|91  mRNA  or 
reduction  in  the  expression  of  IL2R  0  mRNA  in  unstimulated  PBMC  from  HIV^  donors. 

TGF-dl  ANTIBODY.  DOES  NOT  REVERSE  THE  IMPAIRED  T  CELL  PROLIFERATION  OP  HIV-t- 

Although  TGF'^l  mRNA  was  not  expressed  at  higher  concentrations  in  unstimulated 
or  PHA  stimulated  PBMC  of  HIV*  individuals,  we  considered  the  possibility  that 
cells  from  HIV*  individuals  may  express  more  TGF-/91  receptors  or  could  produce 
higher  concentrations  of  active  TGF-^1.  To  examine  this  possibility,  cells  were 
stimulated  with  PHA  in  the  presence  of  TGF>^1  antibody  or  control  antibody  for 
55  h,  washed  and  recultured  ovemi^t  in  absence  of  any  lymphokines  to  induce 
optimal  IL2R.  These  cells  were  then  cultivated  for  48  h  in  the  presence  of  1  nM 
rIL2  and  either  anti  TGF-/91  or  control  antibody.  As  shown  in  Table  1,  TGF>j81 
antibody  had  no  effect  on  the  proliferative  response  of  cells  cultured  in  the 
presence  or  absence  of  rIL2  when  used  at  a  concentration  that  neutralized  up  to 
10  ng  per  ml  TGF-^1. 
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DISCUSSIOH 


The  results  of  this  study  show  that:  1)  hi^  affinity  IL2R  expression  is 
decreased  on  FHA  stimilated  cells  from  asynptcMiatic  HIV*  individuals  and  it 
appears  to  cause  reduction  of  the  IL2  induced  proliferative  response,  2)  IL2R  a 
oEtNA  is  not  expressed  by  unstinulated  PBMC  of  HIV*  individuals  but  a  stea^  state 
IL2R  0  and  TGF-^1  nRNA  is  expressed  and  their  expression  is  not  affected  by  the 
HIV  serostatus,  3)  the  levels  of  IL2R  a  and  0  nRNA  are  lower  in  PHA  stimulated 
PBMC  of  HIV*,  but  the  expression  of  TGF-/91  mRHA  by  these  cells  is  not  affected 
by  the  HIV  serostatus,  4)  expression  of  the  IL2R  0  subunit  is  reduced  but  does 
not  appear  to  be  absent  in  PBMC  from  HIV*  individuals,  as  has  previously  been 
demonstrated  for  the  a  subunit.  Moreover,  flow* cytooM try  and  cross-linking 
studies  did  not  suggest  that  there  are  significant  nuiabers  of  cells  expressing 
the  a  or  ^  subunit  singly,  and  S)  TGF-^1  does  not  appear  to  cause  reduction  of 
IL2  mediated  proliferative  response  of  cells  from  HIV*  because  TGF-/91  antibody 
failed  to  reverse  the  low  proliferative  response. 

Despite  the  fact  that  there  was  a  general  correlation  between  reduction  of  high 
affinity  IL2R  expression  and  IL2  induced  proliferation,  2/11  HIV*  individuals 
showed  reduction  of  IL2  induced  proliferative  response  despite  no  apparent 
deficiency  in  the  expression  of  high  affinity  IL2R.  This  discrepancy  could  be  due 
to  the  fact  that  the  amount  of  ^^I-IL2  binding  was  quantified  on  S  x  10^  cells. 
The  number  of  high  affinity  IL2R  which  was  determined  from  the  Bmax  of  ^I-IL2 
binding  represents  an  average  number  of  receptors  per  cell  with  an  assuBq>tion 
that  high  affinity  IL2R  are  uniformly  expressed  on  all  cells  in  the  test  sample. 
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However  chere  nay  be  a  heterogenotis  T  cell  subpopulation  that  did  not  express 
hl^  affinity  IL2R,  or  a  certain  T  cell  subpopulation  nay  have  expressed 
supraoptimal  nuod)er  of  high  affinity  IL2R  but  ceased  to  incorporate  more  ^H-TdR 
after  incorporating  a  threshold  level  of  ^H-TdR.  Other  possible  explanations  for 
reduction  of  proliferative  response  of  HIV**  individuals  could  be:  1)  a  defect 
in  the  post  IL2-IL2R  signalling.  2)  certain  defects  in  T  cell  activation 
independent  of  IL2*1L2R  interaction  3)  defects  in  the  dynaaics  of  hi^  affinity 
1L2R  expression  during  the  48  hrs  culture  with  rIL2  or  4)  some  combination  of 
these  possibilities. 

The  deficiency  in  the  expression  of  IL2R  a  and  mRMA  may  be  related  to  the 
reduction  of  high  affinity  IL2R  on  the  cells  from  HIV*'  individuals.  It  is  also 
possible  that  selective  reduction  or  absence  of  IL2R  a  ox  p  chain  on  certain 
populations  of  T  cells  may  have  contributed  to  the  reduction  in  the  hi{^  affinity 
IL2R  expression  on  PHA  stimulated  T  cells  from  HIV*.  By  flow  cytometry, 
lymphocytes  stained  with  anti-^  chain  antibody  as  shown  in  previous  reports 
(24,44,48-50),  but  generally  fluoresced  dimly  and  overlapped  with  the  negative 
population,  precluding  precise  qxiantlfication  of  P*  cells.  However  there  was  no 
obvious  difference  in  staining  pattern  of  HIV'  and  HIV*  donors.  With  ’■*’l-IL2 
cross  linking,  we  could  not  find  any  evidence  of  selective  absence  of  the  IL2R 
p  chain.  These  results  of  the  cross  linking  experiments  do  not  agree  with  those 
of  Sehraoui  et  al,  who  reported  selective  absence  of  IL2R  a  and/or  P  chains  on 
PHA  stimulated  cells  from  HIV*  individuals  in  similar  cross  linking  experiments 
(31).  The  reasons  for  these  differences  are  not  known.  However,  due 
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CO  llniced  efficiency  of  cross  linkers  (generally  less  then  10%) ,  the  absence  of 
IL2R  a  or  chain,  or  both,  on  some  PHA  stimulated  T  cells  fron  HIV*  cannot  be 
ruled  out. 

TGF*/91  has  a  wide  variety  of  Innunosuppresslve  effects  on  the  imnine  response 
Including  Inhibition  of  IL2R  expression  and  1L2  Induced  proliferation  of  T  cells 
(32,33).  However,  unstlmulated  as  well  as  PHA  stlnulated  PBMC  of  both  HIV'  and 
HIV*  donors  showed  TGF*^1  mRNA  expression  and  Its  expression  was  not  affected  by 
Che  HIV  serostaCus.  However  there  was  a  defeciency  In  the  expression  of  IL2R  a 
and  /3  chain  mRNA  which  suggests  that  these  reductions  are  not  related  to  the  over 
expression  of  TGF-^1.  Furthermore  IGF  /31  antibody  failed  to  restore  the  IL2 
Induced  proliferative  response  of  HIV*  individuals,  which  also  suggests  that  the 
Impaired  proliferation  Is  not  caused  by  the  over  production  of  active  TGF*^1  by 
Che  stimulated  cells  from  HIV*  donors.  These  results  on  TGF-/)1  mRNA  expression 
In  unstlmulated  cells  are  contradictory  to  the  findings  of  Kekow  et  al  (20) ,  who 
reported  an  Increased  expression  of  TGF  01  mRNA  by  unstlmulated  FBHC  of  HIV* 
donors  compared  to  the  HIV*  after  PGR  amplification.  It  Is  possible  chat 
different  stages  of  HIV-1  Infection  may  be  responsible  for  this  discrepancy. 

In  addition  to  the  loss  of  CD4*  T  cells,  several  phenotyplcally  defined  T  cell 
subpopulations  are  known  to  be  elevated  or  depressed  In  HIV*  Individuals. 
Recently  It  has  been  reported  that  there  Is  a  selective  depletion  of  €029*^*^  T 
cells  In  men  with  early  HlV-1  Infection  (51).  This  has  been  Interpreted  as 
evidence  for  a  decrease  In  the  number  of  memory  T  cells,  and  has  been  associated 
with  the  loss  of  proliferative  response  to  mitogenic  antibodies  In  asymptomatic 
HIV*  men.  Furthermore  Pantaleo  et  al  (52)  demonstrated  that  there  is  an 
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expansion  of  CD3'*’CD8‘'1)R^CD2S*  T  cell  subpopulation  In  patients  with  AIDS  (but  not 
In  asymptonatlc  HIV^  Individuals) ,  and  that  CDS'^R*  cells  are  severely  deficient 
In  their  ability  to  express  IL2R  a  chain  and  proliferate  In  the  presence  or 
absence  of  IL2  after  stimulation  with  various  mitogenic  stimuli.  Althou^  we  did 
not  analyze  phenotypic  markers  In  the  present  st\idy,  It  Is  possible  that  an 
Increased  representation  of  0029^°”  and  CDS'^R'*'  populations  In  the  HIV^ 
Individuals  studied  may  have  contributed  to  the  reduction  of  PHA  Induced  IL2R 
expression  and  proliferation. 

In  summary  we  have  shown  that  IL2R  a-  and  ^-chaln  mRNA,  their  product,  and  IL2 
induced  cell  proliferation  are  decreased  In  PHA  stimulated  cells  from  HIV^ 
Individuals.  However  reductions  In  IL2R  are  not  stiff Iclent  in  some  HIV^ 
Individuals  to  explain  completely  the  Inhibition  of  proliferative  responses.  It 
is  possible  that  accumulation  of  antigen  nonresponding  T  cell  populations  in 
HIV^,  as  has  been  demonstrated  In  elderly  donors  (53),  or  additional  defects  in 
the  signal  transduction  mechanism  contribute  to  the  reductions  In  the 
proliferative  responses. 
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LEGENDS. 

Fig.  1.  Scattergram  of  ^H-TdR  incorporation  in  PHA  stinulated  lynphoblasts  from 
HIV~  and  HIV^  (n  -  22  in  each  group)  individuals.  PBHC  were  stimulated  with  PHA 
for  55  h,  washed  and  recultivated  for  16  h  in  complete  medium.  After  washing, 
the  cells  were  counted  and  recultivated  at  5x10*  cells  per  well  in  triplicate 
with  or  without  1  nH  rIL2  for  48  h.  Individual  data  points  (O)  and  geometric 
group  means  (*)  are  shown.  In  the  absence  of  rIL2,  the  geometric  mean  ^-TdR 
incorporation  (minus  and  plus  the  SEN)  was  22,803  (19634,  26485)  and  16,181 
(14125,  18535)  for  HIV  and  HiV,  respectively.  Addition  of  rIL2  yielded  ^H-TdR 
incorporation  of  70795  (65013,  77090)  and  40,179  (35318,  45709)  for  HIV  and 
HiV,  respectively. 

Fig.  2.  Relationship  between  ^H-TdR  incorporation  and  IL>2R  expression  in  HIV 
(open  circles)  and  HiV  (closed  circles)  donors.  Fifty>flve  hours  after 
stimulation  with  PHA,  cells  were  washed  and  recultivated  in  complete  medium  (A) 
or  complete  medium  plus  1  nM  rIL2  (B).  ^I-IL2  binding  was  measured  under  high 
affinity  IL2  binding  conditions  and  1L2  induced  proliferation  was  measured  after 
48  h  in  culture.  IL>2  augmentation  (C)  was  calculated  as  the  diffemce  between 
CPH  obtained  in  the  presence  and  absence  of  exogenous  IL2.  Lines  represent 
distance  weighted  least  squares  curve  smooths  of  the  data  from  both  groups.  The 
Kd  of  ^^^I-IL2  binding  to  receptors  in  HIV  was  26.7  ±  9.83  (mean  ±  SEN,  n  «  10) 
and  30.3  01  ±  17.8  (  n  -  9)  in  HlV* 

Fig.  3.  Representative  histograms  of  the  fluorescence  distribution  of  IL2R  0  on 
PHA  stimulated  PBL  from  2  HIV  (left)  and  2  HiV  (ri^t)  individuals.  Shown  are 
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histograms  from  two  donors  with  strong  IL2R  fluorescence  (top)  and  two  with 
weak  IL2R  fluorescence  (bottom) .  For  each  case  stained  and  control  histograms 
are  superimposed,  with  the  peak  representing  lymphocytes  stained  with  an  isotype 
control  antibody  and  the  right  peak  lymphocytes  stained  with  anti  IL2R  antibody 
(TU27)  as  the  first  antibody.  In  most  cases,  a  large  population  of  positively 
stained  lymphocytes  were  seen  but  could  not  be  accurately  quantified  due  to 
overlap  with  the  unstained  lymphocytes.  Similar  patterns  of  fluorescence  were 
seen  in  a  total  of  12  HIV*  and  14  HIV*  individuals. 

Fig.  4.  A)  SDS-PAGE  analysis  of  “*I-IL2  bound  and  cross  linked  to  IL2R  on  PHA 
stimulated  PBL  from  three  HIV*  and  three  HIV*  individuals.  Cells  were  stimulated 
with  PHA  for  55  h,  washed  and  recultured  for  16  h  without  stimulus.  Cells  were 
then  washed,  counted  and  incubated  with  1  nM  ^**I-IL2  for  1  h  on  ice.  After 
incubation,  cells  were  extensively  washed  and  lysed  with  80  /il  lysis  buffer  for 
30  min.  The  cell  lysates  were  centrifuged  at  16000g  for  10  min.  The  supernatant 
was  mixed  with  2x  sample  buffer  containing  2%  SDS,  denatured  by  incubation  in 
boiling  water  bath  for  three  min  and  resolved  on  10%  PAGE.  The  gels  were  fixed, 
dried  and  autoradiogrammed. 

B)  The  ratio  of  IL2R  a  and  botmd  to  ^^^I-IL2.  IL2R  a  and  bands  on 
autoradiograms  were  scanned  by  densitometer.  The  mean  (±  SEN)  ratio  of  IL2R  a/fi 
was  1.46  ±  0.06  in  HIV*  donors  and  1.68  ±  0.10  in  HIV*  donors  (n-25  in  each 
group) . 

Fig.  5.  Northern  blot  analysis  of  TGF-^1,  IL2R  a  and  p  mRNA  from  24  h  PHA 
stimulated  cells  from  HIV*  and  HIV*.  Totei  cellular  E(NA  was  extracted  by  lysing 
the  cells  in  RNAzol.  Following  electrophoresis  on  1%  formaldehyde  denaturing  gel 
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«nd  capillary  tranafar  to  nitrocalluloae  aei^rana,  the  blots  were  hybridized  with 
a  randoa  priaar  labelled  cONA  probe  specific  for  huaan  TGF-/91.  For  IL2R  a 
■RNA  detection.  cONA  probe  for  TCF-^1  was  stripped  off  and  the  blots  were 
reprobed  with  “P- labelled  IL2R  a  cDNA.  For  IL2R  fi  and  actin  aRNA  detection,  cDKA 
probe  for  IL2R  a  was  stripped  off  and  the  blots  were  reprobed  siisultaneously  with 
’^P- labelled  IL2R  fi  and  actin  cOHA. 

Fig.  6.  A-C).  Scattered  representation  of  densitoaetric  analysis  of  TGF-^1 
(A)  IL2R  a  (B)  and  IL2R  $  aRNA  (C)  bands.  There  were  14  HIV*  and  13  HIV*^ 
individuals  for  each  aRNA  detected.  After  developing  autoradiograas ,  the  mRNAs 
bands  were  quantified  by  densitoaetry .  The  concentrations  of  TGF’01,  IL2R  a  and 
IL2R  fi  aRNA  ware  recalculated  with  respect  to  2000  densitoaetric  units  for  actin 
in  each  individuals .  The  aean  TCF*dl  aRNA  in  HIV*  was  2892  ±  341  (aean  i  SEN)  and 
2375  ±  272  in  HIV*.  The  aean  lUR  a  tflNA  in  HIV*  was  7168  i  778  and  4286  ±  480 
in  HIV*.  Ihe  aean  IL2R  fi  aRNA  in  HIV*  was  1634  ±  159  and  997  ±  179  in  HIV* 

Fig.  7.  A  and  8)  .  Scattered  representation  of  densitoaetric  analysis  of  TGF* 
fil  (A)  snd  IL2R  fi  aRNA  (B)  bands  in  unstiaulated  PBHC  froa  HIV*  and  HIV*  donors. 
The  procedure  for  isolation  of  total  cellular  RNA,  electrophoresis  and  transfer 
to  nitrocellulose  pspers  and  ”p- labelling  of  cDNA  probes  were  siailar  to  the  one 
described  in  Fig.  5.  After  developing  autoradiograas,  the  aRNAs  bands  were 
quantified  by  densitoaetry.  The  concentrations  of  TGT-fil  and  IL2R  fi  aRNA  were 
recalculated  with  respect  to  2000  densitoaetric  units  for  actin  in  each 
individuals.  The  aean  TGF-^1  aRNA  in  HIV*  was  4485  ±  774  (aean  ±  SEN,  n  -  13)  and 
3559  ±  310  (n  -  13  )  in  HIV*.  The  aean  IL2R  fi  aRNA  in  HIV*  was  1884  ±  308  (n  - 
14)  and  1290  ±  241  (n  -  13)  in  HIV*. 
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TABLE  1 


ANTI  TGF-pl  ANTIBODY  DOES  NOT  INCREASE  THE  IL2  INDUCED  PROLIFERATIVE  RESPONSE  OF 
CELLS  FROM  HIV+ 


Expt# 

HIV  Serostatus 

Control 

andbody 

Control 

andbody 

■l•IL2 

TGF^l 

andbody 

TGF-pl 

andbody 

•I-IL2 

3H-TdR  incorporation  (cpm) 

1 

ND 

78309 

41336 

89316 

1 

- 

ND 

84.105 

60247 

75,711 

1 

+  ■ 

ND 

84.652 

42359 

87377 

1 

+ 

ND 

19340 

7330 

17370 

2 

. 

4,777 

28305 

5357 

25337 

2 

- 

11.021 

82.408 

11.701 

77.682 

2 

+ 

10.471 

61385 

8389 

84366 

2 

+ 

10.073 

81,714 

5395 

65379 

3 

. 

17.156 

70398 

183S6 

76,031 

3 

• 

13.729 

87300 

13360 

106,113 

3 

+ 

24394 

71339 

23309 

82370 

3 

+ 

13.670 

60383 

21377 

79343 

4 

• 

54.147 

227,465 

32,120 

252233 

4 

+ 

35972 

93339 

24.760 

89,604 

PBMC>  firom  HIV*  and  HIV-^  donors  (12  x  10^  cells  per  12  ml  complete  medium  )  were  cultured  in  24  well 
microculture  plates  in  the  presence  of  PHA  and  control  chicken  IgG  or  polyclonal  and  TGF*pi  antibody  (12  J  pg 
per  ml).  After  SSh  in  culture,  cells  were  washed,  and  recultured  overoi^  in  complete  medium.  The  cells  were  then 
washed  and  incubated  for  48  h  in  the  presence  or  absence  of  1  nMrIL2(Sx  10*  cells  per  weO  in  iriplicatB  cultures  in 
96  well  microculture  plates) .  In  these  trqtlicate  cultures,  contid  andbody  was  added  to  the  cells  inidally  cultured  in 
presence  of  control  andbody  while  and  TGP-pi  andbody  was  added  to  cells  initially  culnned  in  presence  of  and  TCF- 
pi  andbody.  ^H'TdRincoiporadon  was  assessed  during  the  last  4  bin  culture.  ND.  not  determined.  Responses  were 
not  significantly  improved  by  the  addition  of  and  TOF-pi  andbody  along  with  rlL2  compared  to  rIL2  alone  (mean 
ai^entadon  «  5.S85  CPM.  p  »  0.122.  paired  t-test)  in  cultures  from  HIV*  or  HIV-^  donors. 
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ABSTRACT 

Thirty-six  sexually  active  couples  serologically  discordant 
for  HIV-1  within  the  Baltimore  Multicenter  AIDS  Cohort  Study 
(MACS)  were  studied  to  determine  (1)  if  evidence  of  HIV-1 
infection  could  be  detected  in  the  HIV-1  antibody  negative 
partners,  and  (2)  if  factors  associated  with  lack  of  transmission 
of  HIV  from  the  seropositive  to  the  seronegative  partner  could  be 
Identified.  Six  HIV-1  seropositive  couples  and  18  seronegative 
couples  were  followed  concurrently  for  comparison.  None  of  the 
seropositive  siibjects  had  an  AIDS  defining  illness  at  entry  into 
the  study,  and  all  subjects  were  followed  for  one  year.  Despite 
having  engaged  in  high-risk  sexual  activities  (unprotected  anal 
receptive  and/or  insert ive  interocurse)  for  a  median  of  40  months 
with  an  HIV-l  seropositive  partner,  none  of  the  HIV-1 
seronegative  men  in  discordant  couples  had  evidence  of  HIV-1 
infection  by  viral  culture,  p24  antigen  testing,  or  PCR  for  HIV-l 
DNA.  Discordant  seronegatives  and  seropositives  did  not  differ 
from  concordant  seronegatives  and  seropositives  in  numbers  of 
circulating  CD4,  CDS,  and  natural  killer  lymphocytes,  or  in 
prevalence  of  antibodies  to  HSV-1,  EBV,  or  GMV,  except  that 
discordant  seronegative  men  were  less  likely  than  their 
seropositive  partners  to  have  antibody  to  HSV-2.  The  reason  for 
the  apparent  lack  of  HIV-l  infection  in  seronegative  discordant 
Individuals  remains  unexplained  and  may  offer  an  opportunity  to 
Identify  factors  in  other  seronegative  or  seropositive  persons 
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that  protect  against  transalsaion  of  HIV'l. 


Key  Words:  HIV-1  Transeission,  HIV-1  Epideaiology,  Hiv-l 
munology,  and  Sexual  Partners 
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INTRODUCTION 

Since  the  recognition  of  the  epidemic  of  Acquired  immune 
deficiency -syndrome  (AIDS)  in  the  early  1980 's  and  the  discovery 
of  the  human  immunodeficiency  virus,  type  1  (HIV-1)  as  the  cause 
of  AIDS,  it  has  become  clear  that  the  predominant  mode  of 
transmission  of  HIV-1  is  through  sexual  activity  with  an  infected 
person  (1,2).  There  have  been  numerous  attempts  to  determine 
factors  that  Increase  or  decrease  the  risk  of  HIV-1  transmission. 
Characteristics  of  infected  individuals  which  are  associated  with 
transmission  of  HIV-1  include  late  stage  HIV-related  disease  and 
duration  of  infection  (3-6),  presence  of  other  viruses  such  as 
cytomegalovirus  (CMV)  and  herpes  simplex  virus,  type  2  (HSV-2) 
(11-15),  presence  of  other  sexually  transmitted  diseases  (29), 
and  the  route  by  which  the  seropositive  person  was  infected 
(2,3,5-9,16-18).  Transmission  of  HIV-1  may  also  be  effected  by 
viral  characteristics  which  include  variability  in  sor  and  tat 
proteins  and  their  functions  (10-15). 

He  identified  a  group  of  gay  male  couples  in  the 
Baltimore/Washington,  D.C.  center  of  the  Multicenter  AIDS  Cohort 
Study  (MACS)  who  are  serologically  discordant  for  antibody  to 
HIV-1  (i.e.,  one  partner  is  seropositive  and  the  other 
seronegative) .  We  conducted  a  case-control  investigation  in 
comparison  with  serologically  HIV-1  concordant  (positive-positive 
or  negative-negative)  gay  couples,  to  identify  factors  associated 
with  the  lack  of  transmission  of  HIV-l.  Factors  studied  included: 
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safe  or  protected  sexual  activities,  incidence  of  other  sexually 
transmitted  diseases,  ntunbers  of  immunologic  cells,  and  clinical 
status  of  the  infected  partner.  All  couples  in  this  study  have 
been  followed  for  one  year. 


METHODS  AMD  MATERIALS 
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Population 

All  participants  in  this  study  wars  ajsong  the  1153  aesbers 
of  SHARE,  the  Baltieore/Hashington,  D.C.  site  of  the  MACS,  a 
prospective  study  of  the  natural  history  of  HIV*l  infection  in 
gay/blsexual  een.  Participants  in  SHARE  have  been  seen  every 
six  eonths  since  the  first  visit  in  1984,  at  which  ties  31%  of 
thee  were  HIV-1  seropositive.  Further  details  of  the  study 
methods  and  findings  from  SHARE/MACS  have  been  published  (17). 
Between  August,  1988  and  June,  1989,  sixty  gay  male  sexual 
partners  of  men  already  in  MACS  were  enrolled  by  self-referral, 
forming  a  cohort  of  60  couples  who  were  classified  as  follows: 

(1)  discordant  (one  partner  seronegative  and  the  other 
seropositive)  (2)  concordant  seropositive  (both  seropositive) , 
and  (3)  concordant  negative  (both  seronegative).  All  couples  were 
in  a  primary  sexual  relationship  of  at  least  three  months' 
duration,  with  or  without  secondary  sexual  contacts.  116  of  the 
120  sen  Icnew  their  HIV-1  serostatus  at  entry  into  the  study. 

Participants  were  evaluated  at  the  Johns  Hoplclns  Hospital 
and  completed  an  extensive  interview  regarding  sexual  practicee 
during  the  entire  relationship  with  the  primary  partner.  The 
interview  included  questions  on  the  frequency  of  masturbation, 
oral-genital  activity,  protected  and  unprotected  anal  insert Ive 
and  receptive  intercourse,  and  changes  in  the  frequency  of  these 
activities  over  tine.  The  same  questions  were  also  asked  about 
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secondary  partners.  Past  and  current  medical  diagnoses. 

Including  sexually  transmitted  diseases  and  genitourinary 
Infections,  were  also  recorded.  Each  participant  was  asked  about 
events  that  may  have  exposed  him  to  a  partner's  body  fluids  such 
as  shared  needles,  razor  blades,  and  trauma.  At  follow-up 
visits,  which  occurred  approximately  every  6  months.  Interval 
sexual  and  medical  histories  were  obtained. 

Laboratory  Tests 

HIV-l  antibody  was  measured  at  each  visit  by  Enzyme 
Immunoassay  (Genetic  Systems,  Seattle,  HA)  and  a  Western  blot 
(Bio-Rad,  Hercules,  CA) .  Western  blots  were  interpreted  as 
negative  If  no  bands  were  detected,  inteiiiiediate  if  bands  from 
one  of  three  major  gene  regions  were  present  faaa  pl7,  p24,  p55; 
Dol  p31,  p51,  p66;  env  gp41,  gpl20/160) ,  and  positive  if  bands 
from  two  gene  regions  were  detected. 

Other  laboratory  tests  included  measurement  of  antibodies  to 
HSV-1,  HSV-2,  EBV,  and  syphilis  (Rapid  Plasma  Reagin-RPR)  (Smith 
Kline  Beecham,  King  of  Prussia,  Prussia,  PA) ;  measurement  of 
total  T-lymphocytes  (CD3*) ,  CD4  lymphocytes  (CD4*),  CDS 
lymphocytes  (CDS*),  and  NK  cells  (CD3'  and  ^D56*  or  CD16*)  by  flow 
cytometry  with  use  of  monoclonal  antibodies  (Becton  Dickinson, 
Mountain  View,  CA)  as  described  (19);  a  complete  blood  count  and 
a  10,000  cell  automated  differential  (SmlthKline  Beecham);  serum 
IgG,  IgA,  and  IgM  (Whittaker  Bioproducts,  Inc.,  Walkersvllle, 

MD) ;  and  determination  of  HIV-l-p24  antigen  using  an 
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immunocapture  method  (Abbott  Laboratories,  Chicago,  il) .  For 
HIV-1  detection  by  culture,  peripheral  blood  mononuclear  cells 
obtained  by  density  gradient  centrifugation  of  heparinized  whole 
blood  were  co-cultlvated  with  phytohemagglutinin-stimulated 
lymphocytes  for  up  to  28  days  (20)  and  HlV-1  in  culture 
supernatants  was  detected  by  HIV-l-p24  antigen  capture  (Abbott 
Laboratories) ;  all  cultures  were  done  under  code.  For  HIV-1 
detection  by  polymerase  chain  reaction  (PCR) ,  the  presence  of 
amplifiable  DNA  was  determined  with  the  amplification  of  an  HLA 
site  and  of  a  210  bp  target  in  the  gag  gene  (V.  Sanders  Sevall 
and  Karen  Young,  Specialty  Laboratories,  Inc.,  Santa  Barbara,  CA; 
per  written  communication) .  Samples  showing  varied^le  levels  of 
reactivity  were  retested  using  a  primer  pair  complementary  to 
conserved  regions  of  aaa  (SK  38/39)  and  ool  (SK  101/145)  (21). 

Data  analysis 

To  test  the  statistical  significance  of  differences  between 
groups,  the  Chi-square  test  for  2X2  tables,  Fisher's  Exact 
Test,  or  Student's  t-test  was  used.  For  comparison  of  median 
ages  and  average  durations  of  relationships,  the  Hilcoxon  test 
was  used.  Matched-paired  analysis  was  used  to  assess  the 
significance  of  differences  within  discordant  couples  for 
specific  sexual  activities  and  demographic  characteristics. 

AMOVA  was  used  to  test  differences  in  T-lymphocyte  values  within 
and  among  groups  for  baseline  and  followup  visits. 
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RESULTS 

Based  on  the  results  of  Hlv-1  antibody  testing,  of  the  60 
sexually  active  homosexual  couples  enrolled,  18  were  HIV-1 
concordant  negative,  6  were  HlV-1  concordant  positive,  and  36 
were  HIV-1  discordant.  Of  note,  the  36  members  of  the  HIV- 
discordant  couples  who  had  negative  ELISA  tests  for  antibodies  to 
HIV-1  all  had  negative  cultures  for  HIV-1,  negative  PCR  tests  for 
HIV-1  proviral  DNA,  and  negative  antigen  capture  tests  for  serum 
p24  (Table  1) .  In  contrast,  most  of  the  latter  tests  were 
positive  in  the  known  seropositive  members  of  this  study  (Table 
1) .  Thus,  there  was  no  evidence  that  any  of  the  seronegative 
discordant  couple  members  had  been  infected  wfth  HIV-1. 

These  results  suggested  the  possibility  that  the 
seronegative  discordants  had  had  a  low  rate  of  exposure  to  HIV-1. 
Therefore,  we  determined  the  frequency  and  duration  of  high  risk 
sexual  activity  within  the  discordant  relationships.  As  shown  in 
Table  2,  the  frequency  of  unprotected  anal  insertive  and  anal 
receptive  intercourse  was  quite  high  for  both  partners  in  the 
discordant  relationships.  Seronegative  discordant  partners 
reported  a  lower  frequency  and  duration  of  anogenital  receptive 
intercourse  than  their  seropositive  partners.  Condom  use  was 
inconsistent  or  absent  in  most  cases,  and  more  than  half  of  the 
seropositive  men  had  ejaculated  into  their  seronegative  partner's 
rectum  while  not  using  a  condom.  Twenty-seven  of  36  (75%)  of  the 
discordant  couples  had  entered  into  their  relationship  before 
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November,  1985.  Based  on  these  data,  and  the  fact  that  the 
seropositive  discordant  couple  members  had  been  seropositive 
since  1984,  it  is  highly  likely  that  the  seronegative  partners 
had  been  exposed  to  HIV-1  as  a  result  of  sexual  contact  with 
their  primary  seropostlve  partner. 

In  order  to  identify  factors  that  could  account  for  the 
persistent  seronegativity  of  these  discordant  partners,  we 
compared  the  seronegative  and  seropositive  discordant  couples  to 
members  of  the  other  groups  with  respect  to  demographic 
characteristics,  history  of  sexually  transmitted  diseases,  and 
antibodies  to  herpesviruses.  As  shown  in  Table  3,  there  were  no 
outstanding  demographic  differences  among  these  groups,  which 
were  similar  in  terms  of  race,  median  age,  median  body  mass 
index,  and  former  or  current  cigarette  smoking.  The  same  was 
true  of  antibodies  to  other  herpesviruses  and  RPR  for  syphilis 
(Table  3) .  However,  a  significant  association  between  HIV-l 
seroposltivity  and  the  presence  of  HSV-2  antibody  was  found  In 
the  discordant  couples  (p  »  0.04). 

We  next  looked  at  possible  cellular  immunological  factors 
that  could  protect  against  HIV  infection  or  transmission. 
Measurement  of  CD4  lymphocytes,  CD8  lymphocytes  and  NK  cells  were 
performed  on  all  partners  for  baseline  and  the  2  six  month 
follow-up  visits  (Table  4) .  The  seropositive  discordant 
partners'  mean  numbers  of  CD4  and  CDS  lymphocytes  were  not 
significantly  different  from  those  of  the  seropositive  concordant 
partners  (Table  4  and  Figs.  1  and  2).  In  addition,  the 
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seronegative  discordant  and  concordant  individuals  had  similar 
absolute  CD4  cell  counts  at  all  visits.  Baseline  CDS  cell  counts 
for  seronegative  discordants  (734/cells/mm’)  were  higher  than  in 
seronegative,  concordants  (592/cell/mm’) ,  and  this  difference  was 
marginally  significant  (p  «  0.09).  This  difference  was  not  seen 
during  the  follow-up  visits.  Between  the  initial  and  one-year 
follow-up  visit,  both  discordant  and  concordant  seropositive 
individuals  experienced  similar  declines  in  CD4  counts  (Table  4). 
No  decline  in  CD4  cell  counts  occurred  among  seronegative  men. 

Followup  study.  During  the  one-year  follow-up  period,  2  of  34 
(6t)  seronegative  discordant  partners  engaged  in  unprotected  anal 
receptive  Intercourse;  however,  no  seron'jgative  partner  reported 
ejaculation  into  his  rectum  from  any  partner.  Seven  of  thirty- 
four  (21%)  seronegative  discordant  partners  reported  unprotected 
anal  insertive  intercourse.  One  seronegative  partner  engaged  in 
both  unprotected  anal  insertive  and  receptive  intercourse  without 
ejaculation  into  his  rectiim  from  his  partner.  In  total,  10  of  34 
(30%)  of  the  seronegative  discordant  partners  engaged  in  either 
insertive  or  receptive  anal  intercourse  without  protection  during 
the  follow-up  period. 

Despite  these  risky  sexual  practices  during  the  follow-up 
period,  all  discordant  seronegative  partners  remained  negative 
for  HIV  by  serology  and  PCR  (Table  4).  Three  (8%)  of  the 
seropositive  discordant  men  developed  an  AIDS-defining  illness, 
and  14  (40%)  experienced  AIDS-related  symptoms  such  as  oral 
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candidiasis  or  night  sweats. 
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DISCUSSION 

In  this  study  we  have  identified  a  population  of  HIV-l 
negative  men  who  have  practiced  high  risk  sexual  activity,  i.e. 
unprotected  anal  receptive  or  insertive  intercourse,  over  a  long 
period  of  time  with  a  known  HIV-i  positive  partner.  Detailed 
sexual  histories  of  these  discordant  couples  indicated  that  the 
majority  of  the  seronegative  discordant  partners  were  involved  in 
these  behaviors  for  a  median  of  40  months,  and  at  a  high 
frequency  (median  of  4  times  per  month)  as  reported  by  the 
seropositive  partner,  and  a  median  duration  of  34.5  months  and 
frequency  of  2.5  times  per  month  reported  by  the  seronegative 
partner.  Even  though  the  frequency  of  these  behaviors  decreased 
in  most  cases  when  the  couples  learned  of  their  discordant 
serostatus,  approximately  30%  of  the  seronegative  discordants 
still  engaged  in  high  risk  behaviors  during  the  one-year  period 
of  this  study.  Despite  this,  the  seronegative  men  in  discordant 
relationships  remained  uninfected  by  HlV-1  according  to  all  of 
the  tests  commonly  used  to  diagnose  this  infection,  including 
sensitive  and  well  standardized  detection  assays  for  anti-Hiv 
antibody,  p24  antigen,  culturable  virus,  and  proviral  DNA  of  HIV- 
1.  Moreover,  no  seroconversions  were  detected  among  the 
seronegative  participants  during  the  one  year  follow-up  interval, 
eliminating  the  possibility  that  some  of  the  seronegatives  were 
in  the  "window”  period  at  the  first  evaluation  in  this  study. 

Given  the  long  relationships  and  sexual  practices  of  the 
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couples  studied.  It  seems  highly  unlikely  that  the  lack  of  spread 
of  HIV-1  to  the  discordant  seronegative  person  can  be  explained 
solely  on  the  basis  of  lack  of  exposure.  While  some  individuals 
have  become  infected  with  HlV-1  after  a  small  number  of  sexual 
encounters  with  infected  partners  (1,3,18,22,23),  others  have 
remained  uninfected  despite  large  numbers  of  unprotected  contacts 
with  infected  sexual  partners  (2,3,4).  The  explanation  for  these 
diverse  outcomes  is  not  known.  Possible  explanations  could  be 
related  to  characteristics  of  the  transmitter,  the  transmitter's 
specific  viral  isolate,  or  the  uninfected  sexual  partner,  with 
respect  to  the  transmitter,  an  increased  likelihood  of 
transmission  has  been  associated  with  clinical  stage  of  disease 
(5,24),  decreased  CD4  cell  levels  (1,5,6,24,26),  p24  antlgenemia 
(31),  and  elevated  numbers  of  CDS  cells  (2,5,25,27,28).  within 
our  study  population,  high  risk  sexual  activity  between 
discordant  partners  occurred  primarily  during  asymptomatic  stages 
of  infection.  The  low  prevalence  of  p24  antlgenemia,  along  with 
the  relatively  high  mean  CD4  cell  count  of  561  cells/mm^  at 
baseline,  suggests  that  relatively  low  infectiousness  due  to 
early  stage  of  disease  among  the  seropositive  partners  may  be 
part  of  the  reason  for  lack  of  transmission  of  HIV-1  infection  in 
this  study.  However,  it  should  be  noted  that  during  the  followup 
period  3  of  the  seropositive  discordant  partners  developed  AIDS 
and  14  developed  new  AlOS-related  symptoms.  Thus,  the  stage  of 
infection  was  not  uniformly  early  in  the  discordant 
seropositlves.  Also,  these  clinical  data  show  that  the  specific 
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HIV  isolates  present  in  these  individuals  were  capable  of  causing 
progressive  inmunodeficiency  suggesting  that  the  lack  of 
transmission  is  not  due  to  nonpathogen ic  HIV-1  isolates. 

Factors  in  an  HIV-uninf ectrd  se.  *  al  partner  that  may  predispose 
toward  infection  include  sp^ ?if ic  sexual  practices  (1,2,6,22), 
concurrent  sexually  transmitted  diseases  (7,8,9),  anorectal 
injury  (4) ,  and  variation  in  immunologic  make-up  (25) .  In  our 
cohort,  the  seronegative  discordant  partners  engaged  in 
unprotected  anal  receptive  and  Insertive  intercourse  over  an 
extended  period  of  time.  Most  of  the  discordant  couples  studied 
had  few  or  no  sexually  transmitted  diseases  during  their  primary 
relationships,  and  the  prevalence  of  antibodies  to  CMV,  EBV,  and 
HSV-1  was  similar  to  that  of  the  other  couples  studied,  with  tne 
possible  exception  of  antibodies  to  HSV-2.  Specifically,  the 
prevalence  of  antibodies  to  HSV-2  was  lower  among  the  discordant 
seronegatlves  than  the  discordant  seropositives  (p  «  0.04).  This 
would  be  consistent  with  the  possibility  that  genital  ulcerations 
may  play  a  role  in  susceptibility  to  infection  with  HIV  after 
exposure  (7,8,9),  although  the  actual  self-reported  prevalence  of 
active  herpes  infections  in  our  subjects  was  low. 

Another  possible  explanation  for  lack  of  transmission  would 
be  protective  immunity  in  the  uninfected  seronegative  partner. 
However,  we  found  no  consistent  differences  between  the 
seronegative  discordant  individuals,  who  had  presumably  been 
exposed  to  HIV,  and  the  seronegative  concordant  Individuals,  who 
had  presumably  not  been  exposed,  with  respect  to  numbers  of  T- 
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lymphocyte  subsets  (CD4  and  CDS)  and  natural  killer  cells.  Of 
interest,  COS  cells  in  discordant  seronegatives  were  increased  at 
baseline  and  one  year  later  compared  to  concordant  seronegatives, 
but  this  difference  was  not  present  at  the  6 -month  evaluation  and 
overall  was  not  statistically  significant.  More  data,  including 
functional  tests  of  CDS  cells  in  supression  of  HIV  replication 
and  anti-HIV  cytotoxicity,  are  needed  to  define  the  role  of  CDS 
lymphocytes  in  protection  against  HIV-1  infection. 

In  conclusion,  the  persistent  HIV-l-seronegative  status  of 
the  discordant  seronegatives  studied  remains  unexplained  but 
potentially  important.  Other  factors  not  investigated  in  this 
study,  such  as  the  amount  of  virus  in  semen  (30),  genetic  or 
phenotypic  variations  in  the  CD4  molecule  on  T  cells  and 
monocytes,  and  mutations  in  HIV  over  time  (10-15),  may  provide 
the  needed  explanation.  Further  investigation  of  the  unusual 
cohort  of  discordant  couples  reported  here  may  help  identify 
factors  which  contribute  to  nontransmission  of  HIV  by  infected 
individuals.  This  information  might  be  useful  in  reducing  the 
spread  of  HIV  by  sexual  contact. 
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Figure  Captions 


Figure  1.  CD4  cell  counts  iron  baseline  SHARE  CoXiples  Study: 
medians,  confidence  intervals  and  ranges. 

Figure  2.  COS  cell  counts  from  baseline  SHARE  Couples  Study: 
medians,  confidence  Intervals  and  ranges. 

Figure  1.  Legend:  SN-DC  -  seronegative  discordant;  SN-CC  - 
seronegative  concordant;  SP>DC  -seropositive  discordant;  SP-cc 
seropositive  concordant;  *  outlier  -  >  1.5  hinge  spreads  from 
upper  hinge;  0  far  outlier  -  >  3  hinge  spreads  from  upper  hinge 

Figure  2.  Legend:  (as  above,  Fig.l  Legend)  A  single  data  point 
is  not  seen  at  >2500  CDS  cells. 


Table  1.  Baseline  laboratory  results:  HIV-1  tests 


Total  of  36  pairs  Total  of  24  pairs 


HIVAb+  HIVAb-  HIVAb+  HIV  Ab- 

partner  partner  6  pairs  18  pairs 

(n=a6) _ (n-36) _ (n-12) _ (n»36) 


HIV-1  culture  positive 

86%  (31/36) 

0%  (0/36) 

67%  (8/12) 

0%  (0/36) 

Presence  of  HlV-1  DNA  (PCR) 

87%  (7/8) 

0%  (0/36) 

100%  (1/1) 

0%  (0/8) 

Presence  of  p24  serum  antigen 

14%  (5/36) 

0%  (0/36) 

8%  (1/12) 

0%  (0/36) 

Table  2.  Activities  reported  at  baseline.  Artal  receptive  and 
insertive  intercourse  with  primary  sexual  partner. 


Discordant  partners 

HiV  Ab+  oattner  HIV  Ab-  oartner 

(n=36)  (n»36) 

Receptive 

Insertive 

Receptive 

Insertive 

Number  of  persons 

31  (86%) 

29  (81%) 

31  (86%) 

31  (86%) 

-median  length  of  time 
doing  activity  (mos) 

39.8 

39.8 

34.5 

47.9 

-median  frequency  of 
activity  (tbnes/mo) 

4.0 

4.0 

2.5 

4.0 

Number  of  persons  doing 
activity  unp^ected  ail 
or  some  of  the  time 

27 

24 

29 

27 

-median  frequency  of 
activKy  (times/mo) 

4.0 

2.0 

1.0 

4.0 

-ejaculation  into 
partner's  rectum  (%) 

- 

63 

- 

82 

-receiving  partner's 
peculation  in  rectum  (%) 

93 

- 

63 

- 

*  No  significant  difference  at  p^  .05 


Table  3.  Characteristics  of  Study  Participants  Reported 
at  Baseline. 


Discordant  partners  Concordant  partners 

Total  of  36  pairs  ToUri  of  24  pairs 


HIVAb+ 

partner 

(n=36) 

HiVAb- 

partner 

(n-36) 

HIVAb+ 

6  pairs 
(n-12) 

HiV  Ab¬ 
le  pairs 
(n-36) 

Median  age  at  entry 

36 

37 

35.5 

37 

Race  (white) 

89% 

94% 

100% 

94% 

Cigarette  smoking 

-  ever 

53% 

44% 

50% 

58% 

•  currert 

11% 

22% 

8% 

22% 

Median  Body  Mass  Index  (k/rrf ) 

24 

24 

22 

24 

History  of  sexually  transmitted  disease 
during  relationship 

•  hepatMsB 

0% 

0% 

0% 

3% 

•  syphlls 

14% 

8% 

0% 

8% 

>  gorxxrhea 

14% 

14% 

17% 

11% 

-  genitai/perianal  herpes 

8% 

3% 

0% 

6% 

Presence  of  antibody  to: 

-  HSV,  (>  0.25  OD) 

83% 

67% 

100% 

75% 

•  HSV,  ^  0.2S  OD) 

90%’ 

67%* 

100% 

75% 

-CMV(FIAX  titer  >30.0) 

100% 

97% 

100% 

97% 

-  EBV  (capsid  IgG  2 1:320) 

97% 

100% 

100% 

89% 

IgA  ^  340  mg/di) 

28% 

11% 

42% 

3% 

RPR  -  reactive 

3% 

0% 

0% 

3% 

*p  .  0.04  FIshef's  exact  two4al  when  compering  disoordant  seronegaUves 
to  discordant  seroposiUves 


Table  4.  Laboratory  results  from  baseline,  6  month  and  one  year  visits. 


HIV  Ab+ 
partner 

HIV  Ab- 
partner 

HIV  Ab+ 
pairs 

HIVAb- 

pairs 

Bgseiirie 

Number  of  persons  at  visit 

Mean  C04  lymphocyte  (per  mm3) 
Range 

Mean  COS  lymphocyte  (per  mm3) 
Range 

36 

561 

(49-1425) 

1054 

(170-3139) 

36 

1224 

(684-2244) 

734* 

(150-1912) 

12 

630 

(162-1332) 

962 

(473-1594) 

36 

1167 

(610-1796) 

592 

(319-1190) 

Natural  KWer  ceils  (per  mm3) 

Number  of  persons  tested 

Mean  (fcSD) 

24 

119  (fc104) 

24 

246  (fc176) 

9 

136(fc86) 

31 

231  (t125) 

6  months 


Number  of  persons  at  visit 

33 

31 

10 

31 

Mean  CD4  lymphocytes  (per  mm3) 

538 

1146 

547 

1255 

Range 

(39-1757) 

(544-2703) 

(119-1188) 

(653-2288) 

Mean  COS  lymphocytes  (per  mm3) 

1080 

684 

984 

704 

Range 

(442-2498) 

(237-1290) 

(417-1385) 

(274-1210) 

EUSA  or  Western  blot  positive 

32 

0 

10 

U 

One  year 

Number  of  persons  at  visit 

33 

32 

12 

31 

Mean  C04  lymphocytes  (per  mm3) 

479 

1225 

595 

1232 

Range 

(22-1487) 

(478-2136) 

(61-1607) 

(711-1882) 

Mean  COS  lymphocytes  (per  mm3) 

1029 

722 

936 

616 

Range 

(430-1892) 

(193-1347) 

(438-1394) 

(333-1134) 

EUSA  or  Western  blot  positive 

PCR  reactive  (HIV-1  ONA) 

33 

0 

0/32** 

12 

0 

*  p  -  0.09  when  comparing  discordant  negatives  with  corxxxdant  negatives 

**  One  of  four  men  mtesing  the  one  year  follow-up  visit  was  tested  at  the  first  sbc  month  vM  and  found  negative  on  PGR. 


DEVELOPMENT  OF  ANTIGEN  PRESENTING  CELLS  (APC)  FROM  MONO^ 
CYTE  DEPLETED  BONE  MARROW  (MDBM):  A  SYSTEM  TO  STUDY  THE 
EFFECTS  OF  HIV-1  INFECTION  ON  MONOCYTE  ONTOGENY. 

^  dela  Torre.*  A-  Donnenbery.*  and  S-  Noga.*  (Intr.  J.  Spivak).  The  Johns 
Hopkins  Oncology  Center,  Baltimore,  MD. 

In  order  to  study  the  effects  of  HIV-1  on  the  phenotypic  and  functional  ontogeny 
of  APC,  we  have  developed  a  liquid  culture  system  in  which  MDBM  is  driven  to 
proliferate  and  differentiate  with  recombinant  human  GM-CSF  and  M-CSF  in 
Teflon  flasks.  Ability  of  plastic  adherent  cells  from  fresh  and  cultured  MDBM  to 
present  tetanus  toxoid  to  autologous  monocyte  depleted  lymphocytes  was  assessed 
by  measuring  ^HTdR  uptake  after  S  day  co-culture  in  microtiter  wells.  Generation 
of  APC  function  and  maximal  CD4  expression  (monocyte  gate)  required  the  pres¬ 
ence  of  CSFs  and  a  14  day  culture  interval  (table).  In  contrast,  Leu^^'*'  phenotype 
developed  after  7  days  in  culture  with  CSFs. 


Day 

CSFs 

WdR 

Uptaka* 

Lau  M3 
%Pos 

C04 

%Mono  Gala 

0 

No 

314  (  274, 424) 

0.8 

0.0 

7 

No 

109  (  52, 228) 

5.4 

28.0 

7 

Yes 

150  (  45, 498) 

24.4 

27.7 

14 

No 

1953  (1734,2192) 

15.9 

39.9 

14 

Yes 

5336(4428,6430) 

45.9 

61.2 

*  Geometric  mean  CPM,  parentheses:  lower,  upper  95%  confidence  intervals. 


This  system  provides  a  simple  and  rapid  assessment  of  APC  ontogeny,  demonstrating 
the  appearance  of  LeuM3  prior  to  detectable  APC  function.  In  a  preliminary 
experiment,  MDBM  was  inoculated  with  HIV-1  IIIB  (24  h),  washed,  cultured  with 
CSFs  for  14  days,  and  transferred  to  microtiter  wells.  Cells  adhering  to  the  plastic 
wells  were  then  irradiated  and  tested  for  APC  activity  by  co-culture  with  autologous 
monocyte  depleted  lymphocytes.  Antigen  specific  lymphoproliferation  was  in¬ 
creased  3-fold  over  that  observed  when  mock  infected  MDBM  adherent  cells  were 
used  as  APC.  Intimate  contact  between  APC  and  lymphocytes  during  immune 
interactions  may  be  a  mechanism  by  which  the  virus  facilitates  its  own  transmission 
and  propagation. 
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I  LON?:'-.-  ANTI-TETANUS  ANTIBODY  (ATA)  IN  UMBILICAL 
1  IN o;;  CORD  BLOOD  (JJCB)  FROM  HIV-1  SEROPOSITIVE 
1 - HAITIAN  WOMEN 

Neal  A  Hal sev^,  R  Boulos^.  A  D  Donnenbergl,  A  Ruffi,  E 
'HolPToChamandy^,  J  Jobi,  T  Quinni»A,  c  Boulos^ 

I  ^ohns  Hopkins,  Baltimore,  MD;  ^Centers  for  Development 
and  Health,  Port-au-Prince,  Haiti;  ^Tulane  University, 
New  Orleans,  LA;  ^NIH,  Bethesda,  MD 

Objective:  To  determine  if  infants  born  to  HIV-1 
positive  Haitian  women  receive  protective  levels  of 
lATA. 

Methods;  Tetanus  Toxoid  (TT)  is  administered  to 
;  pregnant  women  to  prevent  tetanus  neonatorum.  ATA  were 
^measured  in  470  serially  diluted  UCB  specimens  by 
jELISA,  standardized  with  WHO  reference  serum  and 
[capable  of  detecting  0.008  lU/ML.  Protective  levels  of 
lATA  were  defined  as  >  0.01  lU/ML. 

1  Results.  Eight  (6.0%)  of  134  UCB  specimens  from  HIV-1 
[positive  women  and  24  (7.1%)  of  336  specimens  from 
HIV-1  negative  women  contained  less  than  0.01  lU/ML 
ATA.  13%  and  9.5%  of  HIV  negative  specimens  had 
borderline  levels  (0.01-0.04  lU/ML).  The  GMT  of  ATA  in 
jHIV-1  positive  specimens  was  not  significantly  lower 
[than  that  of  HIV-1  negative  specimens  (0.39  vs.  0.54 
respectively).  Of  the  women  whose  immunizaton  records 
have  been  reviewed  to  date,  there  are  no  differences  in 
frequency  of  ATA  <0.01  lU/ML  for  HIV-1  seropositive  vs. 
HIV-1  seronegative  individuals  when  stratified  by 
jdoses  of  tetanus  toxoid  received. 

Conclusion:  Although  6.8  %  of  infants  in  this 
[population  do  not  receive  protective  levels  of  ATA, 
[infants  born  to  HIV-1  positive  mothers  were  protected 
jas  frequently  as  those  born  to  HIV-1  negative  mothers. 
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ADOPTIVE  TRANSFER  OF  IMMUNITY  TO  RECALL  ANTIGENS  FOLLOWING 
ALLOGENEIC  BONE  MARROW  TRANSPLANTATION  (BMT)  IN  AN  AIDS 
PATIENT  WITH  NON-HODGKIN’S  LYMPHOMA  (NHL) 

Doimenberf  AD.  Holland  HK,  Burns  WH.  Santos  and  Saral  R 
The  Johns  Hopkins  University,  Baltimore,  MD,  USA 


Obi actives.  We  have  previously  shotm  that  transfer  of  donor  immunity  can  be 
reproduclbly  achieved  after  allogeneic  BMT  by  boosting  the  BM  donor  before 
transplant  and/or  the  recipient  on  the  day  of  BMT.  The  present  study  was 
conducted  on  a  41  yo  HIV- 1  culture'^  man  with  NHL  who  received  combined 
modality  therapy  of  allogeneic  BMT  plus  az Ido thymidine  (see  separate 
abstract,  this  meeting).  The  main  objective  was  to  determine  whether  transfer 
of  donor  cell  mediated  and  humoral  responses  to  tetanxis  (TET)  and  diphtheria 
(DIP)  toxoids  could  be  attained  In  a-  patient  In  whose  natural  responses  to 
these  antigens  had  been  ablated  by  HIV-1  disease. 

Methods.  Serum  IgG  was  measured  by  nephelometry.  HIV-1  antibody  was  measured 
by  Immunoblot  and  quantified  by  densitometry.  TET  and  DIP  antibody  was 
measured  weekly  by  ELISA.  Antigen  specific  proliferating  lymphocytes  (ASPL) 
were  measured  weekly  by  ^HTdR  uptake.  The  BM  donor  was  boosted  l.m.  with  TET 
and  DIP  on  day  -8;  the  recipient  with  TET  alone  on  the  day  of  transplant. 
Results.  Before  BMT  IgG  was  elevated  (1440  mg/dL)  but  TET  and  DIP  antibodies 
were  10 -fold  lower  than  control  reference  values.  TET  and  DIP  ASPL  were 
absent.  After  BMT,  total  IgG  and  HIV-1  antibody  declined  by  half,  consistent 
with  clearance  of  host  antibody.  TET  and  DIP  antibody  rose  >4-fold  and  were 
maintained  above  pretransplant  levels.  TET  and  DIP  ASPL  were  detected  3  wks 
after  BMT  (>3000  CPM)  and  persisted  until  death  from  tumor  relapse  at  wk  8. 
Conclusion.  These  data  Indicate  successful  transfer  of  Immunogen  specific 
donor  Immunity  and  reconstitution  of  responses  ablated  by  HIV-1  disease, 
□actylograpfiier  antra  laa  lignas  blauat :  titra.  noma  daa  auiaura.  affiliations,  villa,  provinca/^at,  paya  at  raauma.  Souiignar  la 
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ALLOGENEIC  BONE  HARROW  TRANSPLANTATION  (BHT)  PLUS 
AZIDOTHYMIDINE  (AZT)  IN  AN  AIDS  PATIENT  WITH 
NON-HODGKIN'S  LYMPHOMA  (NHL) 

Holland  HK*,  Rossi  JJ  ,  Donnenbery  AD*.  Zaia  JA**,  Santos  GW*,  and 
Saral  R 

*The  Johns  Hopkins  University,  Baltimore,  MD,  USA 
**City  o£  Hope  National  Medical  Center,  Duarte,  CA,  USA 


Objective.  To  evaluate  the  effect  of  combined  modality  therapy  (AZT  plus 
allogeneic  BMT)  on  HIV-1  Infection  in  a  lymphoma  patient  with  AIDS. 

Methods .  The  patient,  a  41  yo  HIV-1  culture'*’  man  with  NHL,  received 
cyclophosphamide  and  total  body  irradiation  to  ablate  tumor,  bone  marrow  and 
marrow  derived  cells.  AZT  (5  mg/kg  q  4h)  was  begun  2  wks  to  BMT.  Nine 

days  after  initiation  of  ablative  therapy  he  received  4x10°  nucleated  BM 
cells/kg  from  his  HLA  identical  sister.  At  this  time  AZT  was  reduced  to  1.3 
mg/kg  q  4h  and  maintained  at  that  level  for  the  duration  of  treatment.  HIV- 
1  was  monitored  by  culture  and  polymerase  chain  reaction  gene  amplification 
(PCR,  LTR  and  ENV,  DNA  and  reverse  transcribed  RNA) . 

Results .  Despite  continuous  AZT,  engraftment  was  prompt  (17  days  to 
neutrophils>500/mffl^) .  Peripheral  blood  mononuclear  cells  and  BM  samples 
became  HIV-1  negative  by  culture  and  PCR  32  days  after  BMT.  The  patient  died 
of  tumor  relapse  47  days  after  BMT.  Complete  autopsy  showed  no  evidence  of 
HIV-1  by  PCR  (brain,  BM,  spleen,  tumor,  heart,  kidney,  liver,  lung,  colon) 
or  culture  (brain,  BM,  lymph  node,  tumor). 

Conclusions.  1)  The  patient  tolerated  intensive  therapy  associated  with  BMT 
2)  Prompt  engraftment  was  attained  despite  AZT  therapy  3)  PCR  and  culture 
data  suggest  clearance  of  host  cells  harboring  virus  and  prevention  of 
infection  of  repopulating  donor  cells. 
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EQUALLY  POOR  RCSPONK  TO  TETANUS  VACCINE  IN  HIV 
SEROPOSITIVE  AND  8ERONEBATIVE  NOTNER8  IN  ZAIRE 
Baands,  E.*t  (^dfr.  R9bart»/»*i  Haltay,  N.  vaai 
Oonnanbarg,  A. Quinn.  T.«««.  aProjat  SIOA,  Kinshasa, 

Zairai  »«CDC,  Atlanta,  6A|  aaaJohns  Hopkins  Univarsity,  Baltiaora,  MO. 

Qb Jagt ^vf .  To  dstsrmina  if  currant  UHO  raeomiandations  (ona  dosa  in  tha 
lasVtrimastar  if  tha  aothar  has  baan  vaeeinatad  in  tha  pravious  3  yaars 
otharwisa  2  dosaa  with  tha  last  ona  at  laast  IS  days  bsfora  dslivary)  for 
usa  of  tatanus  toKoid  vaccina  (TTV)  in  praanant  woaan  ara  appropriata  for 
HlV('f)  Noman  in  Zaira. 

QllOSdl*  Bafora  and  aftar<at  tha  tima  of  dalivary)  TTV  samplas  wars 
oS^xnad  from  HI  HZV('^)  woman  and  207  HIV(-)  woman  at  a  Kinshasa  antanatal 
clinic.  Absoluts  T4  lymphocyts  counts  <HIV(«)  woman  only)  and  anti-tatanua 
antibody  titans  (OTOT)  maaaurad  by  an  ELISA  capabla  of  dataeting 
0.0008  lU/ml,  wara  datarminad  on  tha  pairad  blood  lamplas.  ATAT  wara 
claasifiad  as  non^protactiva  ((0.01  Iu/ml>,  bordarlina  (0.01-0.04  lU/ml) 
or  protact  iva  00.04  IU/«1). 

RRtalts.  Maternal  pra-  and  post-ATAT  by  sarostatus  . 

Bafora  TT  vaccina  After  TT  vaccina 

ATAT  HIV(<»-)  HIV(->  HIV(+)  HIV(-) 

Non-Protactiva  4SK  26  15  13 

Bordarlina  20  21  14  ^  .8 

Protective  33  53  (p<.0S)  (P»NS) 

(p  values  compare  pra-vacci nation  ATAT  In  HIV(^)  and  HIV(-0  mothers  and  ^ 

?ost- vaccination  AtAT  in  the  same  groups) 
n  HIV(«)  woman,  HlV-inducad  immunosupprassion  (AB8  T4  counts)  did  not 
corralata  with  ATAT  in  pra-  and  post -vaccination  datarminations. 

Conclusion.  A  total  of  24S  of  tha  pregnant  woman  (29%  of  111  HIV('*)  woman 
an3  2l»  o?  207  HIV(-)  women  (PaNS)  with  documentad  appropriata  receipt  of 
TTV  at  a  Kinshasa  antenatal  clinic  had  lass  than  protective  levels  of  ATAT 
at  tha  tima  of  dalivary.  Inability  to  document  a  difference  in  TTV 
rasponsa  between  HIV(^)  and  HIV(-)  mothers  suggests  that  currant  TTV 
practices  should  ba  reviewed  for  both  groups  of  woman. 


Typ*  within  th#  oiu«  iint«:  Titi#,  Agthof*'  ntm**.  Afflllmtons.  Oty,  frevinemStait.  Country  ana  ^itriCT.  Undortino  namo  ot 
praaanting  author  (Sm  mavuedena  on  Samolo  Abatraei.) 


1. 

Languago  of  oraaontation:  2.  frotaranea; 

Engiian  |  ;  Qrat  oroaantailon 

Franch  [_*  ■  Boatar praaantaDon  1  C  1 

ABSTRACTS  RECEIVED  AFTER  FEBRUARY  i.  isdd 
CANNOT  Bf  C0NSI08RE0. 

3 

imoortant:  moieata  boiow  tha  eatogo>y  tn  whiah  yau  baUfwa  your  abatraa  ahowd  ba  progranunao. 
(Sao  Catogory  Uat  on  rovoraa  awa.) 

C.t.oo~  CLINICAL  ASPECTS  OF  AIDS 

Cana 

B 

Sub^atafory  AIDS  AND  PREGNANCY 

Cada 

B.3 

L. 

Choico  2 

OanoralCataoarv  CLINICAL  ASPSCTS  OT  A  TBS 

R 

Sub-Catagery  PERINATAL  AIDS _ 

Coda 

B.ld 

L. 

4. 

Airmail  ihia  original  Abatraet  Form  piua  S  pnctocapiaa  it  tha 

anvaiopa  prevtaad. 

Fraaarmng  Author  a  Signatura: 

V  iNTEhNAriONAL  CONFERENCC  ON  AIDS 

SECRETARiAT; 

Xannaaa  Canada  ina. 

1010  St.  Catfianna  Straai  Wa«.  Suita  421 

Montrbat  (Quabac) 

Canada  H38  i07 

ROBERT  W.  RYDER 
mint  nama'. 

R1V1EWCR-B  USB  ONLY:  A 

If 

Seoro  ■ 

rVal 

Barntmt 

COMMENTS 

© 


ABSTRACT  MUST  BE  RECEIVED  BY 
SEPTEMBER  8. 1989 


C^ABSTRACT  FORM 


MAILING  ADDRESS  TO  FIRST  AUTHOR 
(Plaasc  Print  or  Typo.  Provido  full  namo  ralhor 
than  iniliala.) 


Joseph  B.  Margollck,  M.D. ,  Ph. 
Johns  Hopkins  University 
School  of  Hygiene 


615  N.  Wolfe  Street,  Baltimore 
Phono:  Offico  (301)  955-4712 _ 

Homo/Holiday (301)  366~1870 


SELECT  CATEGORY  TITLES 
(Soo  Topic  Catogorios.  pg.  3) 


"I  HIV  Infecrion/AIDS  (other) 

2.  rnfl  T  Celia  In  HIV  Infection 


L _ 

PUBUC  INFORMATION  VALUE 

□  If  requosted,  I  will  preparo  a  lay  languago  sum¬ 
mary  to  bo  usod  as  tho  basis  of  a  pross  reloaso. 


DO  NOT  FOLD  THIS  FORM 
Mail  lo  CIS.  12610  Kornwood  Ln..  Bowio,  MO  207  I 


THE  INCREASE  IN  CALCULATED  CDa^COA  CDR  LYMPHOCYTES  IN  HlV-1 
INFECTION  REFLECTS  BOTH  A  DECREASE  IN  NATURAL  KILLER  CELLS  | 
AND  AN  INCREASE  IN  TRUE  CD3^CD4CDff  T  CELLS  EXPRESSING  THE  ; 
T  CELL  RECEPTOR.  J  Msriollck.  E  Semt  D  Vlahon,  nd  A  Saih.  Johns  Hopkins  | 
School  of  Hygiene  end  Pubik  Ilesith,  BeltInHirc,  MD  21205. 

lllV'l  seroposttivity  is  associated  with  an  increase  in  the  dilTercnce  between 
the  number  of  CDJ'^  lymphocytes  and  the  total  number  of  CD4*^  and  CDS* 
lymphocytes  (CD3  •  (CD4  4-  CDS)]  among  peripheral  blood  lymphocytes  (PP’ ' 
{CUh.  ImmuaoL  ImmimopathoL  57:3^  1989).  Tb  determine  whether  this  inen 
reflects  an  increase  in  lymphocytes  expressing  the  CD3^CD4'CD8'  phenotype  or  •• 
decrease  In  non«T  (CDS')  lymphocytes  expressing  CDS,  PBL  from  seronegative  (SN; 
na3d)  and  AlDS*Aree  seropositive  (SP|  0*32)  homosexual  men  and  intravenous 
'  drug  us«  s  were  analysed  ^  2-coior  flow  cytometry  lYuc  CD3*CD4  CDS'  lymph¬ 
ocytes  were  detected  using  antl-CD3-fluoresccin  and  antl-ClM-  and  anti-CDS- 
phycoecythrin  in  one  tube.  SP  showed  the  expected  Increase,  compared  to  SN,  In 
calculated  [Cp3  •  (CD4  4-  CDS)]  cells/mm*  (91J  vs.  28.0;  p<0.001).  DIrecUy 
measured  CD3*CD4'CD8'  ceils/mm*  were  Increased  (85.0  vs.  66.6;  psO.099),  and 
dim  CDS*  cells  were  decreased  (I20J  vs.  I54Jt  pBO.066),  accounting  for  90%  o 
tills  diflerence.  SP  also  had  Increased  numbers  of  ccUs/mm*  expressing  the  j  TCR 
chain  (84.9  vs  59J;  paiO.046)  or  coexpressing  5-TCR  and  low  levels  of  CDS  (35.0 
vs.  16.4;  paC.003),  and  greatly  decreased  Leul9*CD3‘  c'tis  (78.1  vs.  204.9; 
p*0.032).  These  ^ta  suggest  that  the  abeolute  Increase  In  CD3  •  (CD4  4>  CDS) 
associated  with  UIV.|  seropoeltlvlty  may  be  due  primarily  to  a  decrease  In  natural 
killer  cells,  with  a  smallw  contribution  from  hicreascd  yf-TCR  lymphocytes. 
Changes  in  these  populations  may  reflect  altered  host  defense  against  HIV  or 
altered  T  cell  kinetics  in  the  presence  of  HIV  infection. 
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RECOMBINANT  IL-2  (rIL-2)  DOES  NOT  REVERSE  THE  REDUCED  PHA 
RESPONSIVENESS  OF  PBMC  FROH  HIV-1+  DONORS  IN  A  QUANTITATIVE 
LIMITING  DILUTION  ASSAY. 

^.MaiTRoUfrk.  j,l  Shvrwoptf.  R  Centeno.  LD  McCall.  AJ  Saab.  tSl 
Donnenberg*.  and  RK  Chopra.  School  of  Hygiene  and  Public  Health 
and  ^School  of  Medicine,  Johns  Hopkins  Medical  Institutions, 
Baltimore,  MD  21205 

To  analyze  the  effect  of  rlL2  on  defective  PHA 
responsiveness  of  peripheral  blood  mononuclear  cells  (PBMC) 
from  HIV-1  Infected  donors,  the  PHA  responsiveness  of  PBMC  from 
HIV- 1- seronegative  (SN)  and  -seropositive  (SP)  homosexual  men 
was  analyzed  in  limiting  dilution  experiments  done  with  and 
without  the  addition  of  200  pM  rlL-2  (25  BRMP  units/ml) .  rIL2 
was  not  mitogenic  to  PBMC  from  SP  donors  after  3  days  of 
culture,  and  these  donors  showed  the  expected  decreases  in  ^H- 
thymldine  incorporation,  frequency  of  responsive  cells,  and 
incorporation  of  ^H- thymmidine  per  precursor  compared  to  SN 
donors.  Exogenous  rIL-2  at  200pM  consistently  failed  to 
augment  these  reduced  responses.  Moreover,  PBMC  from  SN  and  SP 
donors  had  similar  increases  in  IL2R  expression  by  flow 
cytometry  after  PHA  stimulation,  although  SP  had  a  lower 
percentage  of  CD4-I-  cells  both  before  and  after  stimulation. 
These  results  suggest  that  the  loss  of  frequency  and  function 
of  PHA  responsive  cells  in  SP  donors  cannot  be  reversed  in 
vitro  by  rIL2  even  in  a  very  quantitative  assay  system,  and 
they  provide  further  evidence  that  loss  of  T  cell 
responsiveness  in  SP  individuals  is  due  at  least  in  part  to 
factors  other  than  reduced  IL-2  secretion  or  IL2R  expression. 
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ALTERED  REPLACEMENT  OF  CD4  LYMPHOCYTES  BY  CDS 
LYMPHOCYTES  EARLY  AFTER  SEROCONVERSION  TO  HIV-l. 
MargoHck.  Joseph  B.  Donnenberg  AD,  Munoz  A,  Odaka  N,  Saab  AJ. 

Johns  Hopkins  School  of  Public  Health  and  School  of  Medicine,  Baltimore,  MD 

Objective.  To  determine  if  there  is  1:1  replacement  of  lost  CD4  lymphocytes  with  increased 
CDS  lymphocytes  in  HIV-1  infected  individuals. 

Methods.  Data  from  S3  men  who  seroconverted  (SC)  to  HIV-1  during  a  prospective  study  of 
gay/bisexual  men  (part  of  the  Multicenter  AIDS  Cohort  Study)  were  studied.  Percentages  (%) 
of  total  (CDS),  helper  (CD4),  and  suppressor-cytotoxic  (CDS)  T  lymphocytes  were  determined 
by  flow  cytometry.  Changes  (A)  in  these  cell  populations  were  calculated  between  each  clinic 
visit  (»  6  month  intervals  or  semesters)  and  were  analyzed  by  multiple  linear  regression  in 
relation  to  the  time  of  SC,  with  adjustment  for  repeated  measures.  704  phenotypic 
evaluations  over  10  visits  yielded  503  valid  observation  pairs  for  this  analysis. 

Results.  Estimated  A%CD4  and  A%CD8  per  semester,  and  their  sum,  were  as  follows: 

Change  in  Percent  Per  Semester  after  Seroconversion  (SC) 


Pre-SC 

1 

2 

3-5 

6-9 

A%CD3 

0.0 

2.S* 

1.2 

0.0 

-0.1 

A%CD4 

-1.S 

-6.4” 

-2.8 

-1.8 

-2.2 

A%CDS 

1.1 

S.7** 

3.4 

1.3 

2.3 

A%CD4  +  A%CDS 

-0.7 

2.3* 

0.6 

-0.5 

0.1 

Significantly  different  from  Pre-SC  value  at  p  ^  0.03*  or  0.001*’. 

Conclusions.  The  data  demonstrate  that  the  semester  immediately  after  SC  is  characterized 
by  large  changes  in  T  ceil  subsets  and  a  significant  imbalance  (increase  in  CDS  >  decrease  in 
CD4)  in  the  size  of  these  changes.  The  fact  that  this  imbalance  was  not  seen  before  SC  or  at 
later  times  after  SC  indicates  marked  dysregulation  of  T  cells  in  the  period  immediately 
following  SC.  The  excess  CDS  lymphocytes  produced  immediately  after  SC  could  represent 
either  mature  suppressor-cytotoxic  cells  or  nascent  lymphocytes  produced  in  response  to 
HIV-1  induced  loss  of  CD4  cells. 
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“adoptive  transfer  of  human  immune  memory  responses  to  hu- 

PBL/SCID  MICE:  EFFECT  OF  DONOR  AND  RECIPIENT  IMMUNIZATION. 
Markham.  Richard  B..  Barber  JP  and  Donnenberg  AO.  Johns  Hopkins  Medical 
-  -  -  Institutions,  Baltimore,  MD. 


Obiaetive:  To  study  the  effect  of  donor  and  recipient  booster  Immunization  on  transfer  of  specific  human 
antiDody  responses  to  mice  with  s^ere  combined  immunodeficiency  (SCID  mice)  reconstituted  with 


tibody  respor 

human  peripheral  Wood  ceils  (Hu-PBUww.w,.  ^  j  j 

MrthoA:  Groups  of  3  wk  old)  SCIO  mice  were  transplanted  i.p.  with  1.2S  x  ia  peripheral  Wood 
Ills  (PBMQ  obtained  from  a  human  dorxx  either  f 


mononuclear  cells  (PBMQ  obtained  from  a  human  donor 
that  donor  with  tetanus  toxoid 


before  or  after  booster  immunization  of 


_  _  _ _ (TT).  The  recipient  SQD  mice  were  immunized  at  3  or  35  daw  after  cell 

traii^withd.i  ml  TT  (10  Li/mOorwlth  0.5  ml  10%  (v/v)  sheep  red  Wood  cells  (SRBC).  The  TT  protocol 
was  repeated  with  cells  obtained  from  the  donor  10  days  after  he  received  a  TT  booster  immunization  (0.5 


ml,  10 1 


iroup,  were  obtained  from  the  recipient  mice  (0, 14,  35  and 


I  Lf/ml).  Sera,  pooled  by  experimental  group,  were  oW 
45  days  after  cell  transfer)  ana  assayed  by  EUSA  for  human  IgG  antibody  to  TT  and  by  hemagglutination 
for  antibody  to  SRBC. 

RmuHs:  Primarv  immunization  of  Hu-PBL/SQD  mice  with  SRBC  did  not  elicit  detectaWe  antibody 
responses.  In  contrast,  adoptive  transfer  of  secondary  response  was  consistently  observed,  the  level  of 
responsiveness  being  markedly  deperxlent  on  immunization  protocol  (TaWe).  WKh  TT  immunization  the 
donor  antibody  titer  increased  from  2,600  to  49,700  (inverse  of  greatest  semm  diutlon  at  which  antibody 
could  be  detected). 
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♦ 

0 

1,691 
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171 

Conclusions;  1)  Hu-PBL/SCID  could  not  generate  1°  responses  to  SRBC.  2)  Adoptive  transfer  of  t 
responses  a)  depend  on  donor  immune  status  b)  require  early  (<  Day  35)  recipient  immunization  for 
optimal  responses.  3)  Titers  achieved  in  optimally  treated  HihPBL/SCID  mice  approached  those  obtained 
in  the  recently  boosted  human  donor.  4)  This  model  system  may  prove  useful  for  evaluating  protective 
effi^cy  of  Immune  responses  generated  in  human  HIV  vaccine  recipients. 
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OCtC>ARISON  OF  LYF«>HOarrE  IMdUNOPHEWOTTPES  OBTAINED  FRCM 
IWD  DIETERENT  DATA  ACQUISITION  AND  ANALYSIS  SYSTEMS 
SIMULTANEOUSLY  ON  THE  SAME  FLOW  CYTOMETER.  Scott.  E..  ' 
Chadwick,  K.,  t^rgolick,  J.,  Shapiro,  H.,  Hetzel,  A., 
Vogt,  R.  Jc^s  Hofidcins  University,  Baltimore,  K)  21205 
and  Centers  for  Disease  Control,  Atlanta,  GA  30333 
Lynfshocytes  expressing  CD3,  CD4,  CDS,  CD16,  CD45, 
CD56,  and  TCR-Delta  chain  were  quantified  in  parallel  by 
two  different  data  acquisition  and  analysis  systems 
operating  on  the  same  flow  cytcmeter.  Blood  samples 
obtained  from  two  AIDS  research  cohorts  were  stained 
with  FITC-  or  fAiyooerythrin-conjugated  antibodies  within 
4-24  hrs  of  collection,  lysed  with  hypotonic  ammonium 
chloride  -  sodiim  bicarbonate,  and  fixed  with  1% 
fozmald^yde  before  flowing  on  an  EPICS  C  c:ytometer. 
Analysis  with  the  EPICS  C  software  was  conducted  by:  1) 
collecting  2500  cells  in  a  provisicxial  lymphocyte  bitmap 
defined  on  a  64  x  64  channel  FS-SS  histogram;  2) 
adjusting  the  bitmap  if  necessary;  and  3)  directing  the 
log  fluorescence  data  from  5000  new  gated  ev^ts  to  a 
64  X  64  channel  quadstat  display  for  determining 
percent  FITC-  and  PE- labeled  cells.  At  the  same  time, 
data  collection  and  analysis  of  the  four  parameters  was 
performed  with  Acmecyte  software  on  a  486-based  MS-DOS 
ocnputer  connected  to  the  EPICS  through  a  4Cyte  hardware 
interface  and  a  256-channel  analog-to-digital  circuit 
board.  The  listmode  data  were  writtea  directly  to  disk 
and  displayed  <xi  a  256  x  256  channel  histograns  using  5 
colors  to  reflect  event  counts.  A  rectilinear  gate  on 
the  FS-SS  two-dimensicxial  histogram  determined  the 
lynphocyte  population  selected  for  the  fluorescence 
quadstat  display.  If  adjustments  were  made  t^le 
recording,  listmode  data  were  reanalyzed  through  the  new 
settings.  All  gates  and  quadstat  cursor  selections  were 
determined  by  cxie  of  two  people,  usually  the  same  person 
on  both  systems  for  a  given  sample.  Despite  the 
differ^oes  in  display  formats  and  gate  shapes,  the 
results  for  positive  cells  agreed  within  2%  in  nearly 
all  the  sanples  analyzed.  Thus,  in  the  two  systems 
tested,  with  careful  attention  to  display  parameters 
(levels  and  colors),  very  close  agreement  was  obtained 
between  amorphous  and  rectilinear  gating. 
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CO-ORDINATE  EXPRESSION  OF  IL2R  a  and  0  CHAINS  ON  STIMULATED  T 
CELLS  FROM  H1V+  HOMOSEXUAL  MEN.  RK  Chonra.  WH  Adlnr,  A  S««h  end 
JB  Marfolick.  for  Che  Baltimore  MAGS,  Johns  Hopkins  Univ. 

School  of  Public  HealCh,  BalClmore,  HD  21205,  and  Gerontology 
Research  Genter,  Baltimore,  HD  21224 

The  interleukin  2  receptor  (IL2R)  0  chain  (IL2R^)  is  an 
essential  and  XL2  signalling  component  of  the  high  affinity 
1L2R.  Previous  studies  have  shown  that  exogenous  1L2  did  not 
correct  the  reduction  in  PHA- induced  lysiphocyte  proliferation 
seen  in  HIV*’  individuals,  despite  abundant  expression  of  the 
1L2R  a  chain  <lL2Ra).  These  data  could  be  explained  by  a 
decreased  expression  of  IL2R^  on  HIV*  donor  lymphocytes. 
Therefore,  we  studied  IL2Ra  and  IL2R^  expression  by  PHA- 
stimulated  cells  from  10  HIV*  and  10  HlV-f  homosexual  men  from 
Che  Baltimore  MAGS,  using  **’l-IL2  binding,  cross-linking  of  IL2 
and  1L2R,  and  SDS-PAGB  analysis.  Although  3-day  PHA  blasts  from 
HIV*  donors  bound  fewer  molecules  of  1L2,  this  difference  was 
largely  due 'to  lower  call  yield  in  the  cultures.  Moreover, 
cells  from  the  HIV*  donors  showed  no  decrease  in  expression  of 
IL2R^  compared  to  lL2Ra  after  three  days  of  culture  (i.e,  the 
ratio  of  iL2Ra/lL2R4  expression  was  not  different  between  HIV* 
and  HIV*  individuals) .  Despite  this  normal  balance  between  1L2B 
a  and  0  expression,  3-day  blasts  from  HIV*  donors  showed  greatly 
reduced  1L2- induced  proliferation  when  washed  and  cultured  with 
exogenous  IL2  for  an  additional  24  hr,  and  this  reduction  was 
not  corrected  by  adjustment  for  cell  numbers.  These  results 
suggest  the  presence  of  either  a  requirement  for  other 
cytokines,  a  defect  in  accessory  cell  function,  and/or  defects 
in  post  1L2/1L2R  signalling  in  cells  from  HlV-f  individuals. 
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ANALYSIS  OF  EXFRESSXOH  OF  7<-T  CBLL  RECEPTOR  AND  CD3^CD4-CD8‘ 
PHENOTYPI  BY  LYMPHOCYTES  FROM  HIV-L  SEROPOSXTIVB  AMD 
SERONSCATIVB  HOMOSEXUAL  MEM  IN  THE  BALTIMORE  MACS. 

Marfollek.  Joaeph.  Scott,  B,,  Aod  Sodi,  A.,  Tho  Johns  Hopkins  School  of 
Hyglsno  and  Public  Hsslfch,  Bsltlneto,  MD,  USA 

obfoetlvo!  To  datotnlns  ths  dsgros  to  which  tho  Inoroaso  In  csleulatsd 
CD3'^CD4~CDB*  (double  nogselvo;  OH)  lynphocytss  sssoolstsd  with  H1V>1 
■sreposltlvlty  (Margoliek  ec  si.,  Clin. l-^nal  ||f»MMwisehot . .  In  proas)  Is 
duo  to  an  Inersasa  In  lynphocycaa  oxprossitig  tho  yS  T>eail  rscoptor  (TCR). 
MothoJa!  Parlphsral  blood  lynphocytas  fron  17  8M  and  19  SP  (17  AIDS*fros) 
hOBosaxual  wen  wero  snalysod  by  Spooler  flow  eytoaotry  using  tho  following 
conbinactons  of  fluorosooln  (FlTC)«ot  ^ycoocythrln  (PB)-eeniugatod 
■onoolonal  anclbodUs:  1)  COS-nTC;  2)  CDA-PR/CDS-niC;  3)  CD3-FITC/CD4-PB  i- 
CDB.PE:  4)  CD3*PE/psn-S*chaln*FlTG:  and  5)  CDS>PB/pan*< •chain- FITG. 

Csleulatsd  ON  (CON)  wore  dscanilnod  by  the  fonuls  %GD3  *  (%CD4  4-  tCDS). 

^ssul ta:  Coapsred  to  SN,  SP  had  Inercasad  proportions  of  caleulstod  DM  (3. Si 
vs.  l.S%:  p^.03  by  2-8aapla  T  tost),  as  sxpoctad,  and  f^ODJ'*'  cells  (3.7%  vs. 
2.3%;  p-O.OS).  Directly  Masursd  M  (DOM)  cells  (CD3*'CI>4*CD8*  in  antibody 
conbination  #3)  were  also  Increased  in  SP,  but  not  significantly  (4.6%  vs. 
3.5%;  p-0.13);  hfwever,  %00N  was  significantly  correlecad  with  %CDH  (T-0.4B4; 
p->0.003),  DOH  cells  not  expressing  the  S  chain  (%DDR  •  (%6‘*'CD3'*'  •  %S'*‘CD8'*') 
were  present  in  bocli  SP  and  SM  (2.3%  vs  1.6%;  p-0.13). 

Conalualoiiat  These  data  suggest  that  1)  the  Increase  in  calculated  %DR 
lynphocytas  which  is  asseciatsd  with  MlV-l  seropesltivity  is  at  least  partly 
due  to  an  incraase  in  lynphocytes  expressing  the  DM  phenotype  and  the  yF'TCR; 
and  2)  changes  In  other  lynphold  populations,  such  as  a  daellno  In  natural 
killer  colls,  nay  also  contribute. 


